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Report Absiract

Research on simple and complex metal hydrides of lithium, beryllium
magnesium, aluminum and boren has been carried out. The work reported herein
describes the preparation and structural determination of a number of new
hydrides as well as the development of new economic methods for the preparation
‘of ‘known compounds. "

The first report describes the preparation of a new class of hydrides,
HMgNRe compounds, and reports that those reactions leading to HMgOR compounds
-actually produce a mixture of MgHe and MgORe. 7

The second report describes the preparation of the first com;lex metal
hydrides in which magnesium is the central metal atom. The two compounds
. prepared thus far are KMg§3rand NaMgéﬁé.

The third report describes a most economic route to aminoalanes,
HﬂAl(NRe)B—n’ by the reaction of aluminum, hydrogen and secondary amine.
Compounds such as HklN(CH3)é were prepared in gssential@y quantitative yield.

The fourth rapcné'descgibes 2 similar ésute for the preparation 6f.
aminoboranés by the reaction of z2luminum, hydrsgeq, phenyl borate and secondary
.amine. Aminoboranes such as HBN(302H5)2 are produced in ~90% yield.

The £ifth report describes a -omplete evaluation of the reaction of
alkalil metal hydiides with magnesium halides as a route to active magnesium
hydride. Magunesium hydride can be formed in high yield under several seis of
condiﬁions.

The sixth report describes the reactions of complex metal hydrides wisth

Grignari reagents %o form Rl::’.gA}.'H,+ compounds whichk are przcursers to HHgAlHk-
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The seventh repsrt deserire: all attempts shus far to preparé.HHgAlHa
énd HMgEhk by twe drfferent mencods. .

The eiznth repor' describe: atempts no prepare<Mg(AlHL)CBﬁh} and
Mr(A1M,}o where 1 = Li and He. ‘

Tre ninth repert descrile: 2 Jetailed study conéerning the preparation
a7 “c{alﬁh‘z frem LiAiHh or Jagleu 20 Ee:lz 1L dievhyl ether orgte@rahy?;cfﬁran.

The tentk repor*. descrites z study of the “hermal deccmposiiion of
complex metal nydrides by mean: of the newly acquired DTA-I38 instrumentation.

The eleventh report describes the preparation of a new class of —
compovnis, RMeH. . )

Tw@ papers have abpeared ég ‘fiat during the contract period as 2 result“v
of work presented iniiialﬁj in *he preyious report. and completed during the
present contract, Botk/Bf“these publicatlons are attached. A third publication
1lso eontainirg work comp.eted iaring fhé present contract yesr is in press
=i is nat incicded. fhis zcrk,ieécxlhés fhe reacion -of LiAlﬂngith Etzmg in
diethyl cther solvenss 7 o ' -
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Concerning the Preparstion of Dialkyl(ary-l)aminomégnesium

Hydrides and Alkoxy(aryloxy)magnesium Hydrides
R. G. Beach and E. C. Ashby

Abstract
Dialkyl(aryl)aminomagnesium hydrides have been synthesized by hydrogenation

or LiAlH, reduction of dialkyl(aryl)aminomagnesium alkyl compounds.

er-zgmz“e tHy = HMgNR22 + RH

1_a4
R™ = :'QH‘)" S“ChHg

2 — .- ~ 3 -
= CjH, i~CyHi, n Cuﬁg:‘ Cells

* R3Mgm“2 + LiAlyg - 4 m-ismhg + AR

=)
|

= CHs, i-C H,

;
‘B

i-CyHy

The hydrides were chr sacterized by elemental analysis, X-ray powder patterns,
infrared, -and ther. .zély:s. is. Infrared bands in the 1500-1690 cmf‘-L ang
650-T00 érri‘l regions are assighed te Mg-H stretching and bending modes
respectively by co@arison with the correspoudiny deuterated ccmpounds. A

Hofmann type -eliminetior is propcsed to explain the thermal decomposition of




the hydrides. Alkoxy(aryloxy)magnesium hydrides were shown to be unstable and

disproportionate to MgH, and (RO)EMg (R = CHy, :;-0337,, t-ChHg, 06H5)~.
Introduction

2 S DT
HBeNR2 and HBeOR

. 1
Corr_@ounds ef the type HnAl(‘oR)3-n’ HnAl(_NR2)3_n,

(1) H. NSth and H. Suchy, Z. Anorg. Chem., 358, kb (1968).

(2) E. Wiberg and A. May, Z. Naturforsch., 10b, 234 (1955); J. K. Ruff
and M. F. Havthoirne, J. Am. Chem. Soc. 82, 211 (1960).

—n m— e Teemmamm—r  f—

(3) Ne A. Bell and G. B. Coates, J. Chem. Soc. (&), 823 (1968).

are krown. ) Bauerh reported the formation of HI-IgOCQH5 by C2H,\MgH cieavage ol

(&) R. Bauer, _Z_ Naturforsch., 17b, 201 {1962).

: ('CEH;,)QO, but did nct give any evidence that the compound was not & mixbture of
S < .

3

Ve 5 and (CgHSO) 2Mg. Coates briefly reporfi:ed é soluble aminomzgnesiunm hydride
when IdgHz was allowed to react with trimethylethylenediamine in toluere.

7 Preparation cf HMgOR and m@me compoungs was undertéken in oi:'der to
characteri;'.e this class ~? crmpounds, arnd to detﬂrz:{ine their usefulitess as

stereospecific reducing agents.

Exparimental

Apparatus. - Reactions 2re gerformed and:r nitrogen at the bench. Filtrations

ELILAMA kit o T i

and other manipulations ~ere done in a glove box equipped with a recirculeting

W

system using msnganese oxide columns to remove cxygen and dry ize-acetone traps

to remove solvent. >

(5) B. F. Shriver, "The Mznipulation of Air-Sensitivs C(ampounds,” VMoGraw-
3 Hill, 1949.
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3

Infrared sper;tra were obtaised on a Perkin Flmer 621 épectrophotometer. _ Solution
spectra were obteined in a cell with KBr windows ard solid spectra were obtainad
as nujol mulis between CsI plates. X-ray powder data were cbtainéd on a Philips
Noreleo X-ray unit using a 1i%.6 mm camera with nickel filtered CuKo radiation.
Samples were sealed in 0. 5 mm capillaries and exposed to X-rays for 6 hours.
‘D-spac‘.ngs were read on a precalibrated scale equipped with a viewing appaz;atus.
Intensities we:re estimated visually. A 300 ml Magne-Drive autociave {Autoclave
Engineers, Inc.) was used for high pressure hydrogenation. DTA-TGA data were
obtained s;lmuita;eously on a l-’.ettle:r Thermeanalyzer 2, Platinum crucibles were
used to hold the sawples and alumina was used as a reference material. An atmos-
phere :of argon was maintzinred during decomposition. A
én_ar cical. - Gas analyses were 'ione by hydrolyzing Samples with hyérochleric
acid on a standard vacuum line equ}pped with a Toepler pump.5 Magnesium and
aluminum vere detez;mined by EDTA titra,ti;nn.
t:'ﬁte;'ials. - Mathanol (Fisher Scientific reagent grade) was distilled afier
treating u;ith mégnesium metal. -Butanol (Fisher Scientific reagent gz'a_de) was
fractionally crystallized under nit:'_ogen. Isopropanol {Fisher Scientific) was
distilled after drying over Molecuiar Sieve %A. Fhenol (}‘:allinc‘ga‘oét Andlytical
7 reagent grade) was distilied at reduced pressure. Diethylamine, diisopropylamine,
and di-n-butylamisie (—Easi_:mn Organic Chemicels) were dried over 2_vbleczﬁar Sieve
245 and ﬁistilleﬁ prior >to usé: Divlenylamine {Easiran Or epic Chemiczl) was
used withcout further purif:::atior:,

Solvents were distilled immedistely héfore use tron 1ithius alusinum

hydride or sodiuvz aluminun nydride depending on the baiiinz poiny ¢f the solvent.
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A solui;.ion of lithium sluminum hydride :(Ventrorg_, Metal :Hydride Division)
was prepared by stirring e diethyl ether slurry overnight and filtering through
dried Celite Analytical Grade Filiter Aid (John-Mansville). The solution wes
standariized by aluminum analysis. In a similar msnner a solution of lithium
aluminum denberide (Metal Hydrides Incorpdrated) was prepared. Sodiﬁiil hydride,
5T% in mineral oil, was obtaipezd from Alta Inorganics. _

Diisopropylmzgnesium a:nd diethylmagnesiwum vere prepared by the dioxane

precipitation method.6 Di~-s-butylmagnesium wags Prepared from active b;gcla end

(6) 6. 0. Johnson ané A. Adkins, J. Am. Chem. Soc., sk, 1943 (1932) W
Strohmeier and F. Seifert, Chem. Ber. 91& 2356 (1961). .

7

s-butyllithium in benzene.  Magnesium hydride was prepared from ‘I.iA’lKh and

(7) . W. Kemienski and J. F. Eastham, J. Org. Chem., __L_, 1116 (1969).

diethyimagnesium in diethyl e"&:he:r.8

(8, 3. D. Barberas, C. Dillard, A. E. Finholt, T. Warhk X. E. Wz.lz'bach
and H. I. Schlesinger, J. Am. Chem. Socs ”3, 4585 {1g51). C.. Ashby and R. G.
Beach, in pLess.

Anal, Caled for ¥gi,: ¥g, 92.3; E, 7.65. Found: Mg, T72.9; H, 6,265 A%, O3

(c ) G, 20.% by 4if ference. The ratic of Mg:H is 1.CC:2.07.
;hyl::;agnesmm t-butoxide (c,)r{s!-i 5-2 hg) ami copropylragnesium v-buoxide
(i-cC, "i,?l mt-ck'lg) were prevered oy adding an eguivalent amount of I-bukanol o

9

the appropriate @ialkylmagnesiuz in ae.eth;a ether.” The disthyl ether soivend

(9) G. E. Coetes, J. A. Heslop, % EBs 3edwcod, erd D. Kidley, J. Ches. Soc.
(43, 1122 {1%£%). - B




was removed at reduced pressure and henzene solutions orepared.
Diisopropylaminoethylmsgnesium ((‘i-csﬂ,l)omggcaﬁs) and di-n-butylaminosthyl-
magnesium ((n-CuH )emﬁgceﬁs) were prepared by 2dding an equivalent arpunt of the _

appropriate secondery amine to (-CQHS) 2!-15, in diethyl ether.m The diethyl ether

(16) G. E. Coates and D. Ridley, J. Chem. Soc. (&), 56 (1957).

solvent was evaporated and benzene solutions prepared.

s-ChH'QMgN(l’-C.gH?)é, s-CuH92ugI{(n-chH9)2,, s-chg9z-@,zz(c6ﬂ5)2, and s-c:,g:9xnfgﬂ(egﬁs)2
were prepared by adding aa-equivalent amount of the appropriate secondsry amine “
to di-s-butylmagnesium in benzene.

Di-n-butylaminomagnesium chloride ((n-Chﬂg)emlgCE) was prepared from
i-C3}L?big(_21 and an egquivalent amount of (nfch%)ezm in dietgyl ether.

7 R ", = 3 = - - N 3 -
Preparauic:n of R NtgH (R Colly, 3~CoH,, n-C Hy CAH) -
1) Hydrogenaticn of dialkyl(aryl)aminomagnesium compounds. - Dialkyl(aryl)

aminomegnesium alkyl solutions {0.2-0.7 M) in benzene (1CC mi) were hydrogenaied
overni'fjht at 3020 ysig. The teﬁrperaturé of hydrogenation depended on- the fertic-
ular alkylj group: 50-T0° for the ethyl group ard 25° for the s-butyl grouvo.
An2lyticel and spectroscopic data‘ of t‘né i)recipi,tates are given in Table 1.
Hyérogenaticn was complete in the reactions performed i 50-7C°. AL 25° scrme

starting compound was generally found in the filtrate.

2) Reaction of dislkylaminoalkylrasnesiv: with LTiAlH, and LiAlD,. -
a) ¢ '_z-;zzz('if-c3§7_)_2 - To @ diethyl ether solution of 8255!:’3'{2(&-03&’?)2

38 r=ole), LialH, (9.5 rmole] im disthyl ether was zdded slowly frem zn addition

W
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»Ig..ﬁ by its infrared spectr=. <.

funnel. An imcediste prexipitate ferced. Aralenic of 8 [eoesinliste iz gives

in Table 1. The yield of B N{E- nl-!.l)z iz oontidative. Iz a zi=il=

".,

£ 1-:..337) as prepared.

- - » - N — - S
b) CHICH(G-T B, ), - To 2 dilethyl sler colutisc 3f o ¥ le-n )

2 - & s

(28 ==ole), LAY (7.0 m=ol2) in distkyl atier was s34, I3 oresix

Evaporating th2 dieihyl elker ani aliirg tenmona o boxsma wes mot effestive

in separaiion of Lthe producis. -

3} Reactions of MoH,
(3T =52} in Yenzere {5¢ =L

eitylenedianine for several 4ays

, = » - o - = - P - - == P -t - P S g X 3 -
2arizined a soiid which was isslafed by £iliratisn. Tke 50113 wos ISsm%ified sz

o o — -—_ == -
X r=oles of %;,.2”’—'_ w2s restversd. iz £ilftrzis

eha-.e—i 6o hdridic activity. Everorstisn of btezzere fro- the £114wats reculted

ing 'br-::am oily resin.

yav Sa - F 3 z
} ":‘-'.rk o ite = RO3LT i ﬁ-—l, . mea

) Rezction of (R-C E

-y

n-c;fﬁg)ém-;‘;el {70 c=oles) wez stirrel 2f roon fexperetre fir 3 Iz

Pt LT

W eE - -

mm T e T
st e o - L= T e A ik B5 e - g

e S - 2 =% -2 P - ¥ro 5\‘
Tad. After £35iralisn gralysis of the fivhwaie psve 2 rzki 2=

-, -] Z o - - o~ F - 3 Te. . . }
Infrered gpesires {Zuis] —201) showed axnly g,:z Terlz.
= - > 3 ot * o - b saetnd x e % N
3 maxmesivz. Iz a simlder experi-ent wisk (-2 .:3),_~.. nINE , YR oo
- A FA
vy & - . 3 ~
reszlts were citrainsi.
s - S e - _, = - - = PERC R —- T T
A slurry of 100 (12,9 m=cle) £=3 g= o Jivelisst gzt o (=aT 3.0 EE In
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terzene (107 m1] w2z reasted b 204° svarni ™ Iz #2s 2onoclzve. The sretinitate




was isolated.

Anal: Mg, U5.h; H, 1.82. The infrared spectrum showed Mg-H bands, and X-ray
powder lines were those of MgHea Tne filtrate contained no magnesium. Ina
similar experiment with (i-CgH7)2NH, the same results were obtained.

Preparation of Bisrdialkyiaminomagnesium Compounds -

- - . o . . . ‘c" R \
1) e H Ml Mg - To a diethyl ether solution of (i 03H7)2Mg (14.7 mmole),
(CEHST,NH (29.k4 mmole)-was slowly added at room temperature. An immediate
precipitate formed. Anslysis of the precipitate is given in Table 1.

2) E(q:qlﬂg)aglzgg - In the same mannei as above <n’ChH9)2NH was added

te (i-C3H7)2Mg in diethyl ether. No precipitate formed. After stirring several
hours, the diethyl ether was evaporated at reduced Pressure. Analysis of the
solid is given in Table 1.

3) [?i-c3§7lEN}2Mg - In the same manner as above the (i-C3H7)2NH was
added to (i-C3H7)2Mg in diethyl ether. No precipitate formed. After refluxing

several hours the solvent was removed under vacuum.

- N LA RS . M
g ATV i 2 o R HAMI S 5 Lot 1 el
OGN Al ik oin e At i - A s e & o ek Shcn il i na b st
¢ i .

Anal, Calc. for g(i-c3x7)21\r]2Mg: Mg, 10.82; Calc. for i—C3H7MgN(i-C3H7)2

Mg, 1%.51; Found: Mg, 14.37. Infrared spectrum showed a small amount of

3 unreacted amine {1625 cm-l) £till remained in the product.
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Attempted Preparation of ROMeH -

esi {23, and ROK (R = CHy. i-CiHoy $-CjHg, Cgfic) -
1) Reaction of I.gPaLangﬁRI{(R CHJA:.CJH? t-CH., CBE.) - Ina

typical case CH3-OH (6.02 mmoleé was added to a slurry of Mg}{2(6.00 mrole) in
Yenzene (50 ml). The mixture was stirred overnight under refluxing conditions.
The solid was isolated by filtration and dried in vecuc at room température. The
reaction wz;s repeated with the oiher aicohols in benzene and teirahydrofuran (THF).
Analytical and X-ray powder data are ziven in Teble 2. 1In all cases the fi?.trates

contained no magnesium.

2) Hydrogerstion of CEHSE-:gGL-:C! 5{9 ~ A 0.5l kenzene solution of CQHSMgOt-ChHQ

{50 mmole} was hydrogenated a% 110° and 3000 psig in the autoclave overnight. The
precipitate was isolated as above. ‘Analytical and X-ray vowder data are given
in Table 2. The 'filtrate, contained 10 mmoles of magnesiwum. The ratio of
'Z-fg:H:CéHS in the filtrate was 1.00:0.0:6.88.

3) Hydrogenation of ;-cggr'r.'ﬁfc, "_49 - A 0.3 benzene solution of
i-CBH.f-’gthgg,BO umole) was hydz:ogené.ted at room temperature and 3000 psig

overnighi. No reaction occurred. The hydrogenation was repeated at 50°C and
3000 psiz overnight. The precipitate was isolated as above. Anaiytical and
X-ray powder data are given in Table 2. ‘the filirate contained 1.0 mmoles of

magnesium and no hydridic hydrogen.

Preparation of (R0).Me(R = 'sz;Li-c,H.?z =Gy Hs .’:5'.‘:,.._,‘; - In a typical case CHSOH
-- - & ~ [ 4 B o~ }

(8.00 mmole) was added to a siurry of e, (4.00 mmole; in nenzene. After

reflwxing overnight the solid was isolated by filtration. The reaction wac

repezted with the other alcohols in benzene and THF. _Analyti a3l and X-ray

powder data are given in Tsble 2. In all cases the filtrates contzined ro

magnesium.

F VPN S |
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Table 2: Analytical and X-ray Powder Data of "ROMeH" Compounds
i Compbuhd Solvent — ‘Mg eH Ratio X-ray Powde.c Data
Mgﬁe di»'zthy_l ether 1:2.07 3. 19S, 2.508, 2.254, 1.67S
"cﬂ3o:-! " benzene 1:1.17 :L-l.ovs, 3.201, 2.5CM, 2.257, 1.66W
" CH Oteg3t" THF" 1:1.10 11.0VS, 3.20M, 2.50M, 2.254, 1.68%
(GH30) Mg benzene 1:0,0 31.0V8
1-0,1-{701»'.@1" benzene 1:1.02 8.758, 4.304, 3.254, 2.50d,
) 7 2025W, l066.ﬁ i ~
”i—csyﬁo:-zg}i" THF 1:0.78 8.755, %.304, 3.254, 2.504,
2,25V, 1.68vd
( i-C3H ) M benzene 1:0.0 8.8, u.30H
"t-chﬂgoiv&g}i" benzene 1:0.30 9.0s, 8.01, ¥.50, 4.304, k.OOVVH,
: : — 3.h5¢, 3. 25vw, 3.10Vd, 2.50V4,
1.68vd
"t-Ch_HgOIang"': THF 1:0.9% 9.os, 8.uy, 4.5C, k.30, 4.00d,
5.454, 3.25W, 3.054, 2.504, 2.25W,
7 1.6Td
h"t-c;;}{gomgﬁ" " benzene 1:0,30 9.23, 8.52!, k. 5088, 4.304, 3.50%,
] 3.204, 2.50, 2.254, L.6Td
"'—ChHgﬂ‘:gﬁ" benzene 1:0.60 8.85, 7.9, k.45, L.2Cd, L.COVAH,
3.451, 3.254, 3.05¢
(t—CEHQO-)gI{g benzene 1:0.0 9.05, 8.03, 4.50:, 4.30,
- hUWJ’ 3-5(}:{- 3'0,5}{
"06}{501.' benzene 1:6.99 10.55, 8.5%, 5. C%.,, L.eowd, 4.25
3.258, 2. ,_cw 2.25%, 1.654
\(céﬁso)ze':g benzene 1:0.0 10,53, 8.54; 5.104, 4,804, U.258,
3.2524 :
“(}6}{501-2:,?!" THE 1:1.05 10.58, 8.25:4, 6.9(}?!, 5.‘90WJ,
14.85'1'7, l} 70'; 0148“; 4635}5’
L1548, 3.90M, 3.753, 3554,
3.15%, 3.304, 3.20%, 3,03,

3.02Vd, 3.00Vd, 2.50¢, 2L0GH,
2.25Vd, 1.87v¥, 1.68Vd
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Table 2 (;:ontinueri) ?
_ Qoznpound — ‘Solvent 7 I_-fg:}{ Ratio = = X-ray Powder Data "
(cansfg)zzazg THE  hoe 10.53, 8,255, 6.951, 5.95w','! H

5.154, 5.k, 5.159, b.508,
l&-353,~ hclSI'S)r 3‘9%, 308&,
3.65%, 2.ks5y, 3.3C4, 3.20%,
3.C00, 2.9C4, 2.8C3, 2.76H,
2.404; 2.25%, 1.86%

2rHF - tetrahydrofuran
bﬁm‘.rogenatfon of 023:{5!-:, "'chHQ a2t 130° and 3000 psig.

c,. . c it ve : - .
Hydrogenation of 1(:3}3.;!{%%-0& }19 at 5CG° and 3000 D3ig.
A




Results and Discussion

- Diisopropylaminomgnesiugn hydride [(i—C3H7)2NMgH] (I} was synthesized
by ine hydrogeration of s-ChH“gEgN(i-CqHT)Q at 25° and 3000 psig. The filtrate s
contained 25% of the starting compound but no hydridic hydrogen. (I) had a b
HQ,
s—ChHgtvigN( 1-0;1{7)2 —=> zmgu(:.-cam{)z + c,;Hm (1)
(1)

MgtH ratic of 1.00:0.8%, an¢ a unique X-ray powder pattern which contained no

Mg, Yines (Table 1). The i frared spectrum (nujol mull) of (I) had a broad _

band at 1500 emt appearing as a shoulder on ‘the nujol band at 1455 cgn-l. The

assignment of this band is diszussed bvelow. (I) is insoluble in benzene and
diethyl ether, but is soluble in THF to the extent of 0.021 m/l. The molar ratio
of Mg:H In the THF sclution was 1.00:0.98.

(I} vas also prepared by adding a diethyl ether solution of LiAlH), to an
ether so}utioxi of C,‘.J{slvfgﬂ( i-C3F7)2.

LiAlH, + b C, 51-@(1—03}{7) o = b HMH(i-CoH,), + LAAL(CoHS)), (2_) o

An immediate precipitate formed which could be completely desolvated in vacuo at
room temperature. The X-ray powder patiern and infrared specirum (Table 1) were
the same as (I) prepared by hydrogenatior.

" In order to assign the infrared bands (i-(f3H7)2mrIgD (11) was prepared from
LiALY, . The infrared spectrum of (11) revealed that the bands present in (1) at
1500, 690, and 650_ cm-l were absent in (IT) .and that the broad bands present

at aporoximately 1050 and 470 cm'l were as predicted for the 'isotopic shift of
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Mz-H to Mg-D. The bands et 690 &nd 650 cm-la;-e in the region expected for

. : n -1, . .
metal-hydrogen bending modes. The band at 1550 om ~ is probably 2 “erminal

" Mg-E siretching band., A Mg H stretching frequency of 19T cm'l nas teen

3l
caleulated from the vapor pvhase eleztrosnic ewission spectra of IzH.

(12) M. A. Knan, Proc. Phys. Soc., €0, 523 (19525,

Bridging metal-hyﬂroaen absomuon Lsnds occur at lower anergy than twual

structure with magnesivm 6-coordinate and hydrogen 3—coordin_te.12

(12) W. H. Zachariasen, C. E. Holley, Jr., and J. F. Starper, Jre,

Acta Cryst., 16, 352 (1953).

- s g . . . - I - .
In a similzr csse, terminzl Be-H ozcwrring in Be Hy‘l‘.’-’ED 3 showed zbsorvricn

—

(13) G. E. Costes and P. . Roberts, j. Chem. Socc. (A), €% (1949).

bonds at 1757 and 1807 cm 1, while in [ (it 13 ;J.C‘&:Be}{] where the Ps-H bonds are

P - 1 14
hridging, absorpbion occurs at 1342 e .

(1k) G. E. Coates and K. A. Bell, J. Cher. Soc., €42 (1955).

Because of the low solubility of (1) no moleecular weight determination

was posgible. - -

_An attempt to prepare (I) from hydregenaticn of a tenzene solution of

H f‘:-—I‘(l ) at 0 vited in the formaiion of 2 compound with a different

) .. u am -1,
metal-hydrogen. Absorpition centers around 2160 em ~ in 2-‘.3}:’2 whizh has a rutile
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¥-ray powder pattern {Table 1). The 1z-H irfrered bends were very troad and
strons at 1590 axd €55 2= . Tk ¥5:H =olar ratio was 1.0G:31.3C shich may te
due 1o some bydroseration of the Mo-N bond to form ¥5H,, althouh no MgH, lizes

were visitle in the X-ray powier patiern. In this sonnection, the byfrozeration

of CH 22 i—£3H1}2 a* 11C° pestited in corpleie hydrogenstion of the Yz-li btond

' P-4

a3z well zs ike 22-C pord &o forz !—:g;iz exclusively. Tae fatz of the axire wes not

The srability of (I) was stulied in solusion and in the £olif siale. 4

THE solution »f {I) v2c refiuxed overnigbt. ‘Tke Mz:E raiis in rolution desrsased

rontinuous welsht Iuss fo 350°. 1o strong erdsthermic or exother—i: keat effects

oxz.ared. The waizpt loss to O oorresponds closely to tke loss of hyiragen

and progene. A lixely decuspositisn nechspisn is g Eofzemn IyTe elizirztisr of

olefin from the szine as skhown in (3).
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guve propane instead of the expected propene. It is obvious from the gradual
but continuous weight loss that dialkylaminomagnesium hydride could not bhe
prepared from thg pyrolysis of a dialkylaminomagnesium alkyl comeund.

- Di~n-butylaminomagnesium hydride [(n-cuﬁg)eNMgH] (I1T) was synthesized by
hydropenation of s-C,HMeN(n-CyHg), at 25° similar to (I). (III) is soluble in
benzene to the extent of 0.09 m/1 and i3 very soluble in THF (> 0.8 m/1), (III)
has only a slight solubility in diethyl ether. The jinfrared spectrum of (111)

(Table 1) shows a strong MgH band at 1550 om™L

and 650 cm-l, and the X-r?y

powder pattern shows no lines for MgHz. A preliminary molecular weight.aeter-
mination by the static vapor:phase method indicates that (III) is dimeric ih THF.
The amino groups are probably in bridging positions with the hydrogehs in terminal
positions.

When a THF:solution of (III) was refluxed overnight, the fatio*of Mg:H
decreased to 1.00:0.49. Thermal analysis shows that in the solid state (11I)
begins to lose a small amount of weight at 120°, but the most significant weight
loss occurs beginning at 2é0° accompanied by an endothermic heat effect. Thei ,
weight 1o§é corresponds closely to the loss of hydrogen and buteneyleéviné o

Mg,

CAH N:: ::NCMH9 which clowly continued to lose weight even above 500° Bis(di-n-

9
buﬁyiamino)magnesium was synthesized and the thermal decomposition studied. Weight
Loss'bwuins at 50° and continues gradually to 215°, where the rate of weight loss
incresges rapidly. The first weight loss corresponds to the loss of butene and
th@a;écond to di-n-butylamine. vThe mechanism for the loss of butene is not

¢lear. 'The total weight loss leaves a compound with a magnesium content the

cume a3 with (ITI).
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. - ° -
Hydrogenation of CeHsMgN(nvChHg)2 at 50° in benzene produced (n CMHQ)QNMEH

of a different crystalline form (Table 1). The Mg:H ratio was 1.00:1.24. The

Mo-H infrared bands occur at 1600 and 675 cm-1 in the solid state, but in THF .
(0.iM) the Mg-H stretching band occurs at 1500 cm-l. The ratio of Mg:H in
olntion was 1.00:1.12.

An avtempt to prepare (IIT) by LiAlH, reduction of C H MgN(n-CyHy), in

diethYl ether was unsuccessful because the products could not be separated.

vhe infrared spectrum of the reaction product shows that the expected products

wore {ormed. No Al-H bands were observed in the 1600-1750 cm-l region of the
spectrum, but a Mg-H band at 1540 en™t was observed. (IIT) prepared in bengené:ﬁj*
by nydrogenation has very slight solubility in diethyl ether, but wﬁén fbrmed

in diethyl ether, it does not precipitateQ Presumably (III) prepared in diéthyl
etiier is an etherate which is soluble, but the stability of the desolvated
crvehballine latticg is such that resolvation does not occur.

An attempt to ﬁrepare (II1) by a different route also failed. Di-n-butyl
amine was added to a Grignard reagent to form di-n-butylaminomagnesium chloride
((nuChHg)gNMgCl). This compound wus stirred several days with NaH,both.in
t--nzene and diethyl ether. Tn hoth cases the starting compound was recovered
wncharred.

*

Piettylaminomagnesium hydride [(02H NMgH] (IV) was synthesized by

5)2

tryirope nation of s'CquMgN(CQH similar to (I) (Table 1). TV is insoluble

5)2
it benzensz, however it is soluble in THF to the extent of 0.08 m/l. Thermal
crbysie of IV shows fhe principal weight loss begins at 200° and continues to

-0 ccompanied by a strong endothermic heat effect. The weqnhtbloss corresponds

vl
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to the loss of H, and CoHy, leaving a compound similar to that found in (3),
Mg i - -
c.HNT NeH :

o \Mg” 25"

Bis -diethylaminomagnesium was synthesized for thermal analysic. Weight
loss begins at 50° and continues gradually to 220° vhere an ipcrease in the
rate of weight loss begins accompanied by a slight endothermic effeci. The first
weirght loss corresponds closely to the loss of ethyléne while the second
corresponds to the loss of diethyl amine. At 400° the residue from the decompo-
s..ion of (IV) and bis-diethylaminomagnesium contains 35.82 and 35.53 per cent
MALUE S LUm ?espectively assuming no loss of magnesium.. This corresponds closely
to the theoretical value calculated for (CszNMg), 36.08.

Diphenylamincmagnesium hydride ((C6H5)2NMgH) () was synthesized ;n a
similat manner as (I). (Table 1). (V) is only s1lightly soluble in benzene.
Thermal analysis shows an .endothermic heat effect at 220° with no weignt loss.
Abuvef35é° a very slow weighi loés begins: This decomposition is consi.tent with
the proposed elimination of alkene from the amine. fn this case elimination
cannot occur wifh the phenyl groups and no weight loss ovcurs urtil a very

high tempe;ature is reached. At 220° the compound may decompose forming nc
volatile comprunds.

Trimeihylethylenediaminomagnesium hydride [(CH3)2NCHéCH2N(CH3)MEH} {vi)
was synthesized by the hydrogenation of QQHSMgN(CH3)CH2CH2N(£H3)2 in Lenzene
(Table 1). (VE} rs soluble in benzene to the extent of 0:13 m/l. VI is
unstable in refluxing berzene over a period of several days. An attempt to
purify 2 sample Ty Soxhlet extraction resuited in loss of hydridic activity.
{he de:ompcsition probably proceeds similarly to the above decompositions by a
hydride a*zack on the amino methyl groups.
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An attempt was made to prepare (VI) by the divect reaction of trimethyl-
=thylenediamine and MgHé similar to the reaction of trimethylethylenediamine and
Bcﬂé rerorted by Coates.3 No reaction occurred at room temperaiure it on

refluxing several days approximately one half of the MgH,, reacted. However-:

n> hydridic a~tivity was found in solution presumably because of the thermal

jecomposition of the hydride. Evaporation of the solvent gave a brown oily resin.

3
{

MgHe and diisopropylemine and di-n-butylam ine did not react even under
forcing conditions to form the hydrides. 1In all cases unreacted Mgﬂé was
recovered.

No attempt has been made to prepare the dimethylaminomagnesium hydride
tLecause the stérting compound RMgN(CH3)2 is pnstable and disproporticnates to
R Mz and [(CHy) ] be- 19 | ‘

Inrconﬁrast,io the stable aminomsgnesium hydrides, the alkoxymagnesium
L.drides are unsiable and disproportionéte to Mgﬂé and dialkoxymzgnesium. The

X-ray powder patterns (Table 2) for "ROMeH" (R = CHg, i-C t-CyHy, CAH) all

3t POy
chow lines of Mgﬂé, and in addition, the remaining lines are *hose of the
appropriate (RO)2Mg also listed in Table 2.

The synthesis of RCMgH compounds was aﬁtempted by two methods, direct
reaction of MgHé and ROH and hydrogenation of RMzOR compounds. Although the

EﬁHZ uzed was an active form prepared by LiAth reduction of (CQHS)nMg in diethyl
- [

3 =

¢ hexy, ihe direct reaction with alcohols was slow and proceeded only under
refluxing conditions in THF or benzene. Apparently the reaciion formed the

irtermediate "ROMgH" compour 1 which then disproportionatea %o MgHé and (Rc)aug.

: MM, + ROH ~ ROMgH + H, » (5)
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ROMgH -~ 1/2 Mg, + 1/2 (RO)EMg (6)

2’5
a mixﬁyre of MgH, and (t—ChH90)2Mg (Table 2). Since the disproportionstion may

Hydrogenation of C.H MgOt-Chﬁg at 110° in benzene resulted in the formation of

be occurrin. at the higher temperature it was considered desirabtie to synthesize
ﬁhe compound at a lowe? temperature. i-C3H7MgOt~CkH9 was synthesized and
hyarogenated at room temperature. MNo reaction occurred at coom :émperature,
and *he hydrogenstion was reéeated at 50°. A product was isolated and shown
o te a mixture of MH, and thchﬂéo)emg,by’x-ray powder patterns.

(RO)EMg compoundsvwere synthesized in the same manner using two equivalents
of alcohol. All of the (RO)EMg are insoluvble in the solvents used, benzene
and THF. The phenol case is somewhat complicated by the formation of different
crystalline forms from different solvents.

The infrared spectra of "ROMgH" and (RO)QMg are identical. In a mixture
the very broad weak bands of MgHzrgre nof evident in the spectra. However, in
no Ease was there ary incdication of MgH bands similar t6 the MgH tandz found for

the amino compounds.
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The Preparation of KMgH3 and Related Jompounds
R. A. Kovar and E. C. Ashby

Abstract
KMgH3 and related complex metal hydrides of mapnesium have been prepared
v hrdrorenolysis or pyrolysis of KMg(s-Bu)2 » The stable ngRQH compounds were

prepared from KH and MgRe ina ‘hydrocarbon solvent.

Introduction
The importance of complex metal hydrides of aluminum and boron (e.g.,

LiAlHu and NaBHL) in both organic and inorganic chemistry is well known.l

(1) N. G. Gaylord, "Reductions with Complex lMetal Hydrides," Inter-
ccience Publichers, New York, 1956.

“omplex metai hydrides of alkeli metals with magnesium, although highly soﬁght

after, are nknown. For example, in an attompy to prepare LngH3’ Tanak32

(2) J. Tanaka and R. Westgate, Abstracts of Papars No. 155, 15Tth
Hational ACS Meeting, 1969. )

reyrorted that hydrogenolycis of a mixture of methyllithium and dimethylmagnesium

. . 3 -
% e€levated iemperztures formed a mixture of LiH and MgHZ. Coztes. recently

(3) 6. E. Coates and J. A. Heslop, J. Chem. Soc. (A), 5T+ (1963).

r=ported that pyrolysis of the n-butyllithium adduct of dimethylmagnesi

(presumat 1y Lng(CH3)ecth) formed a mixture of LiH «nd dimethyimasnesium.
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Resulis and Disc ission

We wizh to report the first successful synthesis of a complex metal
hydride of an alkuli metal and mignesium. Tﬁe compound KMziL, (potassium
- 4
trahydridomagnesiate) was prepared by the hydrogenolysis of KHg(s-Cqu)éH
i

in benzene solubion.

(%) E. C. Ashby and R. C. Arnott, J. Organometall, Chem., (in press).

H -
}Qvig(s-ChH ,‘:2}{ ———2——> KI-{gH3 +2 CH ., (1)

The solubility of KMg(s'CHHQ)aﬁ in benzene is uniave and avoids the neces.ity
of hydrogenolysis in more hasic solvents, such as ethers, thus eliminating the
competition between solvent and hydride ion for coordination sites in the

expécted product. In addition, secondary butyl groups vonded to relatively

electropositive metals are known to undergo hydrogenolysis under relatively mild

“conditions. This factor allows reduction of this compound af room temperature
where it is known to exist as an authen;ic KMgRéH corplex. This is an important
point since high temperature hydrogenatien of Iewis acid-base complexes of tnis
type might be preceded by extepsiva dissociation af the highér remperatures,
followed by‘redugtion formi g a‘mixture of alkali metal hydridekand magnesivm

hydride according 4o Eg. 2.

H )
ngQH = KH + r-:gRQ -——2——9 KH + i-SgH2 + 2 RH (9
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Hydrogsenolysis of a 0.5 m5lar btenzene 30lution of potassium di-3-butyl-
hodarigomarnesiate (K-Fg:Butyl H = 1.0:1.0-1.9°0.95) under 30CO psig hydrogen

YreTaare 21 25

fozj L pr. resulted 1n quantivative pracipitation of a vellow
:c11a whick reucted vaolently when expoced Lo the atmosphere. This zolid was
sralveed for 2ikali metsl (b flame phetometry), mamesium (by FDTA titration)
273 harogen (by czs evolation amalyzis)e Analvziic gavs a potasilum, magnesium
anq hydrozen ratie of 1-0:1.0:3.0 (4nal. Caled. for BROH,- K, 38.7, ¥z, 36.8;

, b
f, LeT2. Founds K, 53.9; ¥g, 34.2; H, 4.56). o butane war produced on
Loarsiysiz andieziane Vr:az-p}.,e:e redurtisn and formavion 3 2 ¥H-McoH,. species,

The e analytical data are zlfo conciztent witn the formation of 2z ghysiesd -

mixture of KH and M ” Bowaver, Z-ray powder analyzaic (Tatle 7) revealed g

wrique diffraction patiern, different froxm the pattsrns for @ and 12 indicating

“h3™ The reaction product iz not 2 ‘:."::b:al mixtura. Tne stronge:i lipe for KH
8 o

(5* 3.30 &) arnd strongest lines for I-:" ( 2,19, 2,095, 1.7, 2ri 1.59 &) are

s=2ariv a2%iznt from the rn"”‘:} pattern. FPreliminary st.dies on RIY ;iS irdjcate

*a® it s Intcduble In ocommon MrdArscarton and ethor Iolvent:s, starlis to

Z. A Trelimirary zvudy of

The thirmal o prirsrtoes of SR, a® determined b simulitansluc ITA-THA 2naiysis

roweiied u weax, troad exothermice effeer at ~00°0 whizn ray andloase dispropor-

- - S —a Pt .
“irraticn fn fH :nd MoH, follgwed oy srdotpermic =lfertr st D20 ard W00 aue

=

. g Smp.iTaon of B 5 and FH reipectively. i{.ﬂ:g}% wWi: &28C DYRDIrel LV a
rorolyze olefin <limination rezetion wuen ¥Xz(s-T Hg/ H was he=aved in ilaht

mLteral oul o7 807 upder vacuum.

Rip(e-C gl 55 KiH, ¢ 2 S H, ' -(3)

|
%
|
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i
{
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Comparison of the powderr pai:tern data for K‘Mgﬂg with t’hé-t‘ of KMgF3

aup‘ge:.*s that these ftwo compounds are 1'~‘am0rnhc,us, A resul:, predicled from
the similar ionic radaii of F and H . The Perovskite structure waz demcnstrated

for KMgF; and ig thus implied for K!-‘@-%. This structure is found for ABX3

_ Brother

(5) R. C. De Vries and Rustum Roy, J. Am. Chem. Soc., 75, 2479 (1953).

syitems {A = B = metal cam.ms ,. X = anion) in which one cation is much larger
+han the other. Ti is deserabed as a cubic close-packed arrangement of the
anions and the larger cations, with the smaller cations occupying octahedral

s . -6 .
positions in an crdered patte\rn. 1t is proposeci that each macnes:.mn cation of

(5 ) F. A. Cotton and G. ivllkmson, YAdvanced Inorgam.c Chemlstry, John
Wiley and Sons, Inc.; lew Vork, 196k, p. 6€8. :

¥WeH, is surrounded by an octahedral arrangement of hydride ions. The crystal

structure of I{gHQ was clearly sho:-m? o be that of rutile which alsc involves

(7) K- . Fackay, "Hydrogen Compounds of the Metallic Elements ,"; Wilmer.
s Tim ed Bn'kenhead G‘ht.sh.w.re, 1966, p. 40 .

an o -:t-abex.ra‘ array of hydrme ions about acn magnesium catiop. Thke environ-
ment abtout magnesium in KigH, and MpH, 1s therefore predictea to be ezsentially

egquiviient, Indepenﬁen-t verification of this prediction is ottained from

" comparison of the infrared spectcz (obtained as a Hujol mull between KBr salt

-

lates) for these two compounds. I-ggHe exhitits two bresd adsorn:ion envelopes

{u

-~ =1 . -
certered a* 1160 and 650 em . These are assigned t~ metal-nydrcgen strebchang
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and deformation vibrations respectively. The infrared spectrum of KMgH%

reveglen *wo similariy broad adserptions centered at 1150 and 680 cm'l. The

st zence of pronownced shiffts is verificatzon of nearly equavaisni environments

1 *hese compounds.

i

This study was extonded to :include reduetions of +he {{aH- s—ﬁu)EMg system.
T+ has been shown that 0.5 mol. of NeH (per mole of di-s-butyimignesium) goes
inte solution when equivalent molar quantiiies of NzH and di-s-btutylmzgnesium

o . 8
are stirrad at 50° for 48 hr. in benzene solution:

(8) R. Arnott and E. C. Ashby, unpublished results.

H2H + i-ig(s—ChHg‘)e = 1/2 NazH + 1/2 Na:-ng?_(s'c,,ﬁg))ha - (¥)

Filtration of *he reaction mixiure alluws separation of benzens solutle KaﬂgoRkH.

The propesed siructw.e iz shown below. -

Al
La

Redqucrion of the secondary butyl proups was predicted 1o gensra*te 2 EaKgNHi

tpee1es, mintacay of NaﬁgHs 4 MeH,, or IiaH + 2 MzH,, derend:ng on ihe relative
o < ~

ztatilatares of ezch.

Hydrogenzilon of this materizz 2t room temperaturs effeoen gunitarative

rrecipiTation of meonesium and codiwm.  The zolid was isoszted wni the sodium,

-
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Cooour at’ sl g,hh; lzrger 4 valuss ¢win

»volved indicating complete reduction.

[N
)

marresium, zrnd hydrogen atomic ratio munf’ tr) e G.9:2.0°%.0. o butane was

Unforfunztely, the X-rav powder patt

(9

of tniz materaal 4id not show olesr lm»: which would differentiste the

prsaivle producks. Thie is atftribuked to the very small particic size of Lhdz

msterial, Therrsl anzlysis of t4ic solid as determinec by DTA-Td ctudies,

reveated 3 strong exothermic effect 2t 1157 which may indics ‘f xn*rar}lenr_.ldr

rearcangerent of iakg Z 5 to Nal-:gii2 arnd MzH_.. Subseguent effects in the thermal

2

aratysis are q.xal;tafzve 1y consistent with pyrclysis of a mixbure of !.'32-%?% and

7, - The so1id obteinsd by heatins thiz hydrogenation produch pist 1157 exhibiteg
-

e gar X-ray powder (xh,tra“t...cn lines which we atirivute to Iiazsfg}i?’ and l-',g_Hz (vide

I!ifl’&jh - H

Removal of solvent from I Iﬂ'ng&E{ (R = =-butyl) under vacuum ard pyrolysis

=

i Yight minersl oil at 105° for several hours afforded a',sc:lid materiz?, light

gray in color. The X-ray diffraction

wzll defined lines (;a‘ble IT). Saveral

o those vaported for Mgk ¢ Tne remzinirn

(33

patiern of this nzi'er‘el r::n‘a-ncd sTrong,
of the wezker iines :e:mes.pon:i exactly

re lines are szssigned ta Tialon. .

3°

These

iines buar a rexarkable recermblance {both in intensity ard distributionr) tz

Tae: Yoported for ﬂ.’g}lz with the exception tha%t lines in She l=ifer compound

I LA para-zeters.

"a“‘aRLH (R = s-buiyl)

e

N :
£5 the larger ¥ iornie rvadins zni iarger

#

LY - :
—Y ¥+ Lalt £)
1650 ¥ gI{Q Laks 5 ( e

Jre 1inet sssisned o .I:i‘:gn, re very similisr 12 inose revocted for I:::L-*_:F:_; {Tzble

B

113, irdzoati

n~ that These two compounds are 1.,G:r,3rphsu L3 A5G Toaricral. The

4




per---kite structure was demsnstrated for NalMgF, ana is thus implied for Hal@%.

3
‘.v’ei are presently attempiing to prepsre NaMgQIi‘s by Lo témperatm'e pyrolysis
ST RasiB i (R = s-butyl) in the hope that we will obtain a product whick will
Prouce 26 interpretable X-ray powder diffraction pattern. (We have .observ_eci

*rat n guirzl, pyrolysis of 2 materasl affords solids with larger particle

ize, and conteguenily betier defined powder patiern than that cbitained by

tiedrczenat ion), We will then be in an sxeellent positicn to study the therrally
andured dizsproporticonation to HalMgH, and !-:gHe.
Jar resuits -oucerning atfemptz to prepare Lir-igﬁa by ronm femperature

rrcarrarion of Lit{gﬁ.j (R = =-butyl} in benzene soiubtion are av present incon-

o

Cuaiive.  Hydragenation of .,_;:QR3 {R = s-bm;vl) ;, made by mixing =2qusl molar
J.anroiies of 5-bubtyl 1lithium and di-s-butylmgnesipm in benzens, afforded

g.antitetive precipitation of lithium and magré"lum and a Moui vhich revealed

2 lithaum, m3gmesium, and hydrogen ratio of_ 6.95:1.(30:2,60. Unfortanately, the
30324 produred in this reaction was of very fine parbticle size and &id not
rroies 3wk defined X-ray po'a:zxér paftern. The broad and diffuse lme :hicﬁ

- A:0F frEient correspond rea<:onal."‘y well Hi&h_lmes reportefx for x-:gﬁg angd Lifi,

fo . Lo of there lapes did n:st.: I . s rhus pv;s,kie that Liks R& (R = =-buiyl)

v<izt- in benzene zolution in eg;uilibrivm with species which when subjected to

n.oorocenation proeduce a mixbure of

oKy, LM, end il
Lamgh, = RLi+ ¥R, — LiMgH, + Ll + o, ()

)

rerral znaiysis of the hydrogenation product reveaisd a :trong endotherm

av 3:07 geconpanzed by 1085 of weight 25 hydrogen (900 of calculuted). A weak

£ i

-

i
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interpretation is correct then the mixture would consist of 33% of LiK zad

involves reduction of 1:1 molar mixtures of methyllithium and-Gimelilyamasmesivm

endotherm ogeurs at 480° accompanied by loss of weight as hydrogen {10% of

calculated). The k80° endotherm is assigned to decomposition of LiH oy

- oyge -

coisparison with the suthentic thermogram for Lid. The effect a$ 316° must

-~

therefore correspohd to simultaneous decomposition of 533‘2 and Lit-!g}';:),. if tnis

Mgi, in admixture with Lidghy 66%.

Plans for future research involve more definitive DTA-TGA studies of tane

-~y e

Presumed I.ib‘;gl% 2 'M.gh'g, LiH xmixture. Atterpls will be made to Drepare ‘.‘;-._'4;.3 »

by chemical reduction of Lidges. - B o o B

V »Li?@&e3 + 3/k LiAlHy, — I4MgH, + 3/k LiANe,

Chemical reduction of methyllithium, dimetny ragnesivm aGiuchs reprassnts
’ .

DY

a versatile spproach to Lil-',gHB since reduction can be atiermpied in e varievy of

~ e - - -

{9) L. M. Seitz and B. F. Little, J. Organoretslil. Chexm., 18, 277 (3c59).

predoninant formation of Li!",g:{e.{ under these conditions. fQozplex eguiiitriz

between higher order meihyllithium, dimethylrmagresium sdduects ard Gicet k-

" megnesium exist at nigher temperatures in THF or in weaker ether solvents, Crexical

reduction of these mixtures is predicted to form ¥ variety of compiex nydrides

in admixture with l{g}{é: ]
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-E%T*&‘ LAW, - L+ 22 g (8)
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Teble I. X-Ray Battern Data(®)
< Lt YeH, M3 M3(2)
330 V.S 319 V8 4,003 W
" . 286§ 276W 337V
F 2.2 s 2.195 v 2.835 VS 2.80 M-
' L7 s 2.29 M 2.3 M 2.29 M
E L M L55s - 20078 1.9 VS
° 1.65 M 1678 LT W
) 31 M LSoM - LE9s - L6sH
. o }1,:;.?8 “w Lbew 1o M " 1,408 M
: 1.17 M L36W 1.268 ¥ 1.259 W
S = 1.10 . M 1.335 W 1184 M 1,201 §
- ‘L01 W L2k6W 1.158 W 1.150 W
- ’ 7 1:150 W 1122 W .
s . LasswW
N - s _1 (a))(eray Mder “iiffraction data were ~obtained using a Ph‘ﬂli’ps
. - Norei‘z.co ‘X“':téy ]Jni,{:-:, using anfll».hé- em. diameter camera with Ni-
: .  filtered Cuk,widiation: Line intensities were est;maéggvxrigi;ail}; -
s
P ) S L -




NaH ~ NaMgFBlO A
: 1 a I
2.8 s 3.83 M
2.4 8 :
1.73 8 2.7 M
= 147 8 é.3o W
1.h1 M 2.23 W
1.22 M 2.20 W
112 M 1.2 VS
: 1,_.@9 M 158w
i 0.939 M L5 W
% :-o.863 W .35 W -
E: 0.825 M 7
0.813 M
*Lines due to 5@{2 (See Table 1),

Table II. X-Ray Powder Pattern Data

2, 50"

NaMgH3 and MgHE

(M:xture)
a4 T
3.85 W
o326 w
3.00 W
2.83 f VW
2.75 vs

2«'.267
1.92 °
1.67*
1:0.'56:
1.35"
S
1.21

.11

t

s ® =2 = =z = = = =

1.03

(10) E. Chao, Et. Al., The American Minerologist, 16, 379 (%1%

21




Direct Preparation of Aminoalanes
R. A, Koxfar and E. C. Ashby

Abstract

Detailed studies of the synthesis-of aminoalanes by the direct redctlon
- of aluminum, hydrogen, and secondazy amines are reported. The reaction was
studied most tharoughly with diethylamine. ‘Tris- and bis(diet}‘ylamino)alanes
could be prepared in high yield depending on the reaction condltxons and on
the initial amine to aluminum molar ratio. Reaction of aluminum and diethyl-
amme in molar ratios ranging from 1:1 to 27:1 at Al50° a;fforded hj.gﬁ y-ie-ids of
b:.s(oxethylamino)alane (HAl[N(Laﬁs) ] ) Low yields of dxethylamnoalane o
, \(szlN(\,gHS) ) were generated in admixture with bis(diethylammo))alane when the
= - -reaction temperature wae 1owered, the waximum: yield of diethylsminoalane was
. found to be 15 at 65”. : AN '
- The study was extended to include the reection‘ of di‘metjhyl- -di-i-propyl,

anﬁ di-pheny]amine pyrrolidme, and piperidine with excess aluminum and hydrogen.

T V As wi*h ddethylamine, predommant format:.on of the bis(dialkylammo)alane was
Ef' i V o o 'observed with dimethylamme , piperidine and pyrrolidine. No reactlons were -
= observed with df-i-propyl- and di-phenylanine.

Predqx-r.inent formation of bis(dialkylamino)alanes in i)referenee to dialkyli-
amnoalanes 1s at tr1buted to greater thermodynamc stability of the former
compounds. This was: v_erirﬁed by detailed stud;es of the thermal pyrolg;ms of

¢ the diallqvlaminoalanes. DTA-TGA, neat sealed tube and sclution pvv'olysis stoudies

'ind.wa‘l,e uhe followirg decompcs:.tmn reaction:

2 HAINR, - HAL(MR

AR, + AL +3/’>H'T

2)2

- -~ -

T S - S —_— DR
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Proton magnetic and infrared spectral measurements of the ami.ndalgnes
are reported and interpreted to yield valuable analytical and sti‘uctixral-

information.

Introduction
Aminoalane compounds ,(H3_hAl(NR2)n, n=1, éf):are'used as polymerization

1 .
catalysts,” reducing agents ,2 and as synthetic intermediates ,3 however more

i

(1) S. A. SNAM, Belgian Patent 654,406, April 15, 1965.

(2) s. Cesca, M. Santoslasi, W. Marconi, and N. Palladmo, Annal. di
Chimica (Rome), SS 7ok (1965).

(3) H.*ANB'th and E. Wiberg, Fortschr. Chem. Forsch., 8 323 ('196':'().

- - widespread: use of these compounds is 1mi’ced by the mconvemenca o" preparatlon
and high cost of these reagents.  Until adow aminoalanes have been prepared bv the

reaction of (1) al_anel#..or trimethylamine alanes with secondary -amines (eq. 1) and

-

" (4) E. wiberg and A: May, 2. Naturforshung, B10, 234 (1955).

(?);.)Mrcom, A, Mazze:., F. Bonati, and M. de Nhlde, Gazze. C'hun. Ital.;
92 1062 (1962 7

(2) lithium aluminum hydride and dignqlamniumfchloridzeé (ei. 2).

A1H3 + niR, -~ nH, + }{3_nA1(HR2)n n=1 2, and 3 A (J_.)'V

LiAlEy, + R,NHCl =~ LiCl +2 H, + HAINR, :- - (2)
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We wish to report in 15‘\11"17 our findings cencerning the- direct preparation

(7) A preliminary report concerning this study is in press in J. Organometall,
Chein. : : \ o

of aminoalanes by tihe reaction cf aluminum, secondary amines -and hydrogen under
mild conditions. This.route to aminoalsnes wae predicted on the basis of earlier

st\;diesg of the direct preparation of triethylehegiiaxﬁine alane by the reaczion |

o~

of tﬁe 'ter{:ingy amine, al\min_um, and' hydrogen under mild conditions.

A1+N\_IN+3/2H2 1434\1 BNCE

The react ion of a seco ndary amine, aluminum, ahd hydrogen was predlc‘red to

follow an analogous ‘path mvolv,ing intermediate formation of A1H3 followed by
i

- ccmple:.ation of the seconda_ry amine to form Am3:1m2n. Since Secondary amine- K

3 the asalkyl-

alanes are tuns‘t:g‘rjle and ]Joee hydrogen well below room temperature,
aminealaiies ei‘e the first pioducts which- wer’é -?rredicted. In fhe -presence of
:add:.tmnal seco*zdary amfne f;he dialkylaminoalane was predmted to react and

- form the bls(d:.alkylamino)alanes and‘in presence of aﬁditional disikylamine, the

tris(dia lkylammo Jalane.

-}

| - RN
CAL+H, - Al —55 AMLRRH = “z“ma'ii';’ H“(“fa)e%e" AUNR,); (K
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Eguipment and uat.e*lals. - Mampulatlon of air sensitive materials war accomplished

Ly use of standard hench top techniq\;esg or employment of _a dry box equipped

(9) T. F. Schriver, "The Manipulation of Air Sensitive Compaunis,” MceGraw-
Hiil Book Ccmpany, New Yerk, H. Y. 1949.

with sn stmosphere purification system for removal of oxygen 2nd WO1RTULR.

{10} ‘I‘. L. Brown, D. ¥. Dickerhocf, D. A. xsa"u.,, and G L. iliorgén, Rev.
*: INSTT., (1962)

af¥ared spectral meesarements were obtained usin e ar‘Perkin:E“_me;' 521 Autor-na‘_tic
Grating Specirophoiometer. Samples were prepared for -aralysis in the Gry tox.
Spe:-zzé cf 1jlq*'ici mples were obtained from analysis of Ulﬂ neat materizl between
¥Br salt pl&tes while spectra of solid samples were obtgined as the i!ujti muil-.
Proton maznetic resorsnce snec; tra were ¢btained using a Varian k-0 magustic
resonznce instrument ;u_sing the solvent s_lgna,x ( cenzgne) as internal sza:‘sdaré‘
Hydrogenation £eactiops wers performed using 2 300 mlo Ha_gnf;ériv-:
Lt zoaove Ynit (:A;toclave Engineers, Ir:zc.). The cherber -éas usuzlly ~hereszd in
tne 1ry toz. The contents were then heated under nyd rogen for a Lrais -e-"n’neé

veriod of time. After sufficient cool:n;-‘ the chsn'be‘* was vemmi nd soliubles -

products filke 1_~P<x from excess unreacted aluminum in the érf 'box.

renzene, ‘used as the solvent in % e hydrogenation reaciions, wis-parchased
from Fisher Chemical Co. (f‘er‘lfled ACS raae) and di tiiled from Uzl prior
t- uice Dimethylamine (anhydrous) was Apurchased from the Mstheson Terprraztion

2nd B2s-ed bhrough a KCH drying tuve prior to use. Diethyl-, di-i-prepgl-, -

i
s e ———— 3 e

o in ke e bed e he
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diphenylamine, piperidine, and pyrrolidine were purchased from Eastman
Chemical Co.. The liquid dialkylamines were ei‘li'ner distilled from anhydrous

“KOH or distvilled onto active molecular sieve Type 1{-A prior to use. Diphenyl-

amine was used without further purification.
obbained from the Alcan Aluminum Corporation.

tc use by fhe Ziegler»activatioxi prccess.n

Aluminum powder (600 mesh) was
Aluminum was "activated" prior

Ultra Pure Hydrogen (99.9995%) was

l

;
—

[

(11) E. C: Ashby, G. J.. Rrondel and H E. Redman, norg. C'hem. 2, ’#99 (1963).

Za

ohtgined i‘m:n the Matheos on Corp. and used without further purification.

' Analyes - ‘

An&lﬁg_-::g ~ Aminoalanes are reaa:.l_,rhydrolyzed _by water and d:.lute ascids.

. were performed hy hydrolyzing. a tared sample xuth a water-acid mixture and
det@rminatmn of the hyaroger -ontent by gas evolution analysis. Aluminum in

the samé sample wags detemined by EDIA tltratlon. Aminez were determined by

potentmmetri«. ti‘brat;on of ﬂxe soxu"ion obtained on hydrolysm of a tarea ssmple - -

) after removal of the A‘LJ.(OH)3

Direéct Preperat:on of - Al(lmtalyv - Ammmum (4. 7 gr or 0.1 mol.) ard diethylamine -

(10C ml.) were sts,rred and hgeted “ab :.5Q under 3000 psig hydrogen for 4 hr,

" Removal of solvent (after ﬁ;tr&tfcn to remove traces of unreacted alumirum metal)

under vaéum gave 21 gr. or 914 yield of- Al(REt ’3 (Retn. 8, Table TI)s A_rx_ﬁ,

- cale. for fkl(lmté)3: Al, 11.1; amine, 8819.( _Eg_!gi_g ;1}-1f 12.8; amine, 37.6.
Infrared spectral analysis (Nujol mufl) was jventical to th~t of the suthentic
complex prepaied by ‘l::he reaction of tfimthsrfgﬁne 'é‘l&ﬁe;iz: boiling diethylamine.
Di;:req't- Pr@gtatiqn of m:.@r:t o* o '

From Equal Molsr Quantities of Aluminum and Diethylamine. - Aluminum

A.
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(2.7 gr. or 0,10 mol.), dietng}lamiﬁe 1(16 ml. or 0,10 mol.) and ‘oentzene’ (100 m1.)

. were stirred and heated at 150° under 4C00 psiy hydrogen for 3 Hr: Vacuum
dis“-‘uil"]étion of solvent (after fil.trétion in the dry box to i‘emi';e ’tracées of
unieactegi aluminum) gave 15.8 gr. or 92% yield of_fHAl(KEi;z)2 (Retn. I, :?a‘ble ‘I).
Anmal. Calc. for m:.(»rmtg)_ef Al, 15.7; amine, 83:3; H, o.:sazs “Found: 34:\1, 16.0;
amine,: 8k.4; H, 0.612. :—E?xe infrared sgectfum of this j‘mt’exr‘ial (neat betwsen KBr
platesi) was identical to thgt of the authentic material prepared from uhequivocal
synthes:-is {vide infra). - )

B. From Excess ”Alumi_mx‘m and ‘D’:L‘f‘;‘athzilamine. - Aluminum (5 gr. or 6.185 mi‘:j.,)'

“diethylamine (10 ml. or 0.10 mol.) and benz:zne (160 mi.) were stirred and heat:e-ﬂ_
under 4000 psig H at. l‘-’~0° for 3 kr (Rctn. 2, 'l'able I) “The ‘mixt.ur; waé allowed .
) to cool and filtered :m the dry box £0 remove excess um-eected aluminum. The’
. solution was made up to a known volume and analyzed. The hydrogen, atlumim;m,
ard nitrogen ratio was found to be 0.98 1.0: 1.95. The irfrared spectrum of the
sclufe (obtained by removal of solve*xt under vacuum) “was’ identxcal to that of

-authentic HAl (HEt ) The yield was 95%.

Ihrecr Prepavanion of H,,Al(ﬁEt,,l in admixture w:.th HAl(RE‘tzla. - The reaction wes

run exactly as m:B. above axcept thau “the react:.on temperature was lowered to -

65° and reaction vime extended to 24 hr (Retn. §; Table I). Amslysis of the
soclution after fiitzaﬁon gave a hgdrogen ‘and a;};mi;tum,mtio of 1.13 to 1.00,
'ix;aica'uing 4 low yieid of HzAl(tNEte) in admia&,uze with M»l(rmte) o+ Yields (vas=d

2 " on this analysis) were HAINE, 15‘,1;, }L{Xl('NEt) 784, The proton magnetic resondnce
spectrum ;af this mixture in benzene solubtiop had '.signals which were consistent with

a simple pkysical mixture of mono- ard bis{diethylamino)ztanes (Table V).

HHM AL S

- e e e e e o
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Divect Prg@ratian of Bis({piperidiro)alane and (piperidiné)alane. - Aluminim
(5 gr:), piperidine (0.10 mol.) and benzene (190: ml.) were stirred at 130° under

OCO .psi;’ hydrogen for 20 hr (Retn 5, Table IT). A solid (9 1 gr.) prcduct

was 1eola*ed after filtration and removal of solvent under vacuum. Analysis of

this solid revesled a hydrogen and sluminum ratz‘.c of 1.1:1.0 indicating predbminant

s

- formation of the bis(d -alkylammﬁ)alane. A small smount (0.4 gr. yield = 3.5%)

of HQAIHF o ¥as sublimed when this fprodu}:t was 'neai;ed at 65° and 1 mm. The

remainder of he product (8. 7 gr) was found. to be HAl NC 5 10) (u% yield). Anal.

Cale. for ‘{2A1NC H, 1.8; AL, 23.9; amine, Th:3. Found: H, 1.6, Al, 21.9;

5°1G°

amine, T7.5. Calc. for HAL{NC.F H, 0.)1 Al, 13:8; amme. &5, 7. - und‘

1075t
H, G:535 AL, i3.8; amine, 85.7. Proton magnetic resonance spectra of these
products in benzene solution and infrared spectra of tﬁe_solids were found to
be idex;ticai witl; those of thé corresponding amincalane prepared_ by unequivoéal

sjmthés:is .

Direct. Preparat fon of HAl(KHeJ,),,. - Alum.mm (5 gr.) and benzene {100 ml.) were

:':» -Jransi_‘erred_ mto the autoclave chamber. Dmethylaminfe* (0.10 mol.) was VBpOr

t?ansfef;-etit,into i‘;,xe chagber cocled in a dry ice acetbjxe slurry. These reag’erit;s
wé;é heated at 150° under 3090 psig hydrogen f£or.four hours (Rctn. 1, Table 1'1)!.:"
» Solidfi’oduct was isolated iy fiitration end removal of solv;ent under vacuum.
A;‘alysw of this solid igave a _hygirogén to ai;zminum ratio of 1.'0:1.-.(2} inﬁicatingv

format fon of the bis(dimethylamino)slane. Anel. Calc. for HAZ{NMe H, 0.863;

2)

Al, 23.27 amike, '}5.9. Found: H; 0.93; AL, 24.6; amine (by difference) Th. 9

Yield was 1G.5 gr. or 91%.

Du’éc" r-remra tion of Mlul 822' ~ Aluminum (5 gr.), pyrrolidine (0.10 mol.},

angd ben_zene uC{} ml.) were stirfed and heated st 150° under LOCCO psig hydrogen

i I - .
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fur 12 hr. (Rc‘m 6, Table II). The 9rd:auct was isolated by filtrsticn ard removal
of solvent under vacuum. Yield was® 8.7 gr or 88, Aral. for HAL (m,gr
Cale. AL, 1641, amine, 87.4; E, 0.596. Found: Al, 15.0; smine, 84.3; H, Ou T0e

Uneuu:.vocal §ynthesis of Aminoalane Col ;l_xgounds. - ﬁialkvlaminc-» and hib—

(nd'k,,flammo)alaneb were prepared by the- reaction of trimethylamne wisns a'xd one
ur HWo equivalents of an apprcpriate secondary amine, in hnr.zem. ;;‘.Iutvon.c ‘The
sciuki ons were usually heated at reflux for 2 hr. af:‘ter initial mxxzngcf the
reagents.: Products were “isqlated by removing the solvgnt urnider vacum.u -These
xomgoundc were analyzed for hydrogén and aluminum am:iﬂthe exparimentai’ values
were found to agree with the calculated values to wi‘bhin 5% in a1l casess " The
following compounds were synthesized:. g{zamta, HA‘l(REta) " HQAL{(.. m, nAl(Hf‘5P10)
H AINC Hg; m1(1¢c,+118) Hzﬁlﬂ(l-Pr ), I{Al(h(l Pr) ) '

‘T‘rws(d:methylamino)alane was prepared by the reacticn of nrwmethv_amme

. 3wsne in Penzene solution with excess dimethylamine. (Dlmetr Flamine S:} sllowed

to Tubbie through the stirred alane solution st room temperature 1m*-:.i.‘; li';emﬁ&i
of hydrogen ét-'tl;evgf di:spers“ion fijit was observed to ceas;). - Attempts io

1 repare ﬁtis(dieﬂxylamino)alane by thereaction of equim:;lar i:-'t ur=s of bisf
(dzetn Jamno)alane and diethylanine by refluxing these reag..;.t.; in ‘b:;:zzene
s.1ulzon for as 1ong as 12. hr. feiled as evidencad by the fac’r fhat Yod é&ie

Fdrczen xas alwa:;b found in solutxon. The rezction could ke mrr’ =5 e

e p‘ tion by the reasction of bis(é;ethy.anino)amne in diethy hmre fcr 1% kr.
at reflua teaapers.,ure. Tris(nmend*np)alare vas p"epert*q in ar ZhsiGgous way
Yo ihe reac*mr* of trmethylanine glane and ~10 Told excess piperidine J Lenzene.

Porolysis Stxxiies of Aninoahhe Compounds. -

a) Pyrolysis of HAIN CoHy, ig.n Refluxing Toluene., -~ Pi pzl‘iji{.{.:?;a'ﬁﬁ (t.CH gr.
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) . meana of an "C" ring gsket ‘scal and ksdmgen (0.?5: ® mol. ) detz

. or 9.5;@5}-.) was dissolved :in 30 ml. toluene and heated at reflux. Aliguct

Toluene was remcved under vacuum and the solid thus obtained disscivez in 0. 5 ml.

———

samples (2.0 ml.) wére withdrawn at appropriate intervals with a syracge.

‘aenzehe,, {toluene kt:ad to be removed since methyl resonance of toluere wss fmmd

to inferfere i the proton megnstic resonsnce étudy) and proton megnetic resomn-ce‘
spectrs of the samples recorded. These spectral dsts ure gtwm ir Figare To The
spectral ch;nges gefe coaﬁlete after:‘heat;ng for &.5 days. Aﬁ.er th;s PeEric ‘
of heating th; alu_mimm and: hydrogen ;‘atii) '.;vas found to ba:}..(? %o 2.1, & dsrk -
grey, metaliic precipitir&e (presunéd to be al\minun) formed d!.tr;ing this pcj.-rio&z

B) Dm-'m Anal;,;sis o; Aninoalanes. - The thermal befavicr of Hjum and

!&l(‘iR ), conpound., (KB = NBt,, uc sty NC,Hg) was studicd by simultaneous
:hfferential tber-l and the’ml gravimetric amly:is of these coqozsﬁs using

lik*tl‘er ’meruoamlyzer T inst.nmentstion. Samlee were iceded inte Sared pistinum
crucivles in the dry box.. Thege were stbjected to pyro)y"* ox thg ETA-TiA .
instrument under a ste.dy mv of_argon: kepresentative thernl; ‘kta 'cbtaine;l ; A
fron anslysis of xaamsnm and ml(:csnm) sre showr in Pigure Ti. The tulk of .
the thernl properties sre st.ri.:ed in Tsble III. ' »

) Pyrolysig- of ! m in Evacusted, Séaled Tubes. - Piperfdino- -

_aisns "0.12!;"[ &r. or 1.101’ m0i.) wae sealed in an evacusted treak scal task of
sppmxmtely, 20 ml, vguue. The entirs asseﬂ:ly xas mubmerged inic a3 200°C 6il bstk ;:‘
for 15 minutes axx} a]loued to cocl. 7he tx.be was ettacned o 5 VeTium mr;Jo.a ’by

I5ed ‘t*f' £88 SYCiu~
tion sral lysis after opening the brec . seal vxth 8 ngnet. Rs“ - T -9L-a WAS

aissc in benzene and the proton ngnetic resonrance spectire of e rasuliting -

. #oiuwtion wats recorded. Tius spectrus was found to e icenlios: 1o tnet of sulnonti-vde
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(?‘Diriﬁ‘m)im» (Figure AK'I) :7'3;

A e g e ‘l"[,ll; w

Hydrogen ( dm ml.} weE isﬁhted mwmlw experimens by Eesliisg
amms.ane (6.1531 £Tes or 1.516 = mol.) ai 15 Yor i5 pindes, A‘dsrk -
. «ve; metalilc precipitate (ns;ma to be t;}xin%.g} forwed duricy &‘ﬁ oF thaose

1 yroiyies.

Besuits snd Discussion )

Tha reactioe of siuminae sﬁi k'z:mge'% ¥ss st:Bied ir mosr Feisil Witk

12sthylsmine and the resuits _are summrized in i’xbie 1. ;.,s{‘;,.ég_zgu. ialsne
{Place “-“abi. I here.] - 7
=as the oni;-, sompound formed vhen eguiulent M;ties a\r slmmire: swl izeﬂgi-

smine were heated wder hydragen preszure for 3 br. {Res~tior T - Zabiz Ik

Tne yrodxt from this resction vss m.s!:ae& snd szalyred soccegafiily
' _izal(s%:v |

; fer

!he proton megnetic resonsnce m f_;a !.%e} szﬁ icfrarsd

eynthesis. s

. “.—h, f

- fforis to prepore aietky}aiimahaé tz i&::us&g the slimimee o $icth,iemize
wisr retio (nuotim c} snd m reaction times ( ez 3, ¥, 53 3. wEre
=,= 1} unsuccessful. The Rydroges snd a}.m miic ir i e’f,, £ Ersired _:

" i whese resciiohs ueE s wmys sii.gktiy{kﬁ&er than = ﬁ‘; i!?il’s‘“v’-‘ 8 - yis:d
'S :tne Afethylaminosispe. (Yields runged from 3 %o 9f). These resiiic fxdtoate
" #3.+ “he reséiion of .zma, plrogen and %is\éief!?sm.s.sm - frm aietuyl
smincsiane does mob occur to any s*tus ae extezi st 155,

—— e - -

o ?xafzuikat?;za zii(g%}zq»;gé ) 5

, Spuectrum weve i&tiultomcfthem!@& wgm zs%.mi :
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Products and Yields

1:1

Exceés Al

l}(m -

1000

-3

3

150 .

150

i \ -
ml(-m:ta,. )

~MI(7N§_"2”)2

92

. 98
3 Excess Al 3000 T 150 HAL(NES,), 86 .
| ; o HAL{NE®,) 9
. Excégs AL 3000 " 16 150 HAl(:IEffg)qi 91 -
- : ) ] E - HAL(NES,) »h
5.  Excess Al 3000 28: 150 HAL(NEL, ), 90
: - . T zﬁéAl(NEte) 3
) 6 Exeess A1 o ) 4000 b 65  HAL(NEt,) R
) - - ) _ . : / - ; . H} "—’;Eﬁ? 15 ~'
T 1:h 3000 3 150 HAl(IiEtz)_é 5
| AL(NEL,), 88 |
- & Excess Amine 7 3000 L 72150 Al(NEta) 91
- (Amine sclvent) : 3 .
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Power '
kol

S L 150° - S
ST 2 ALA 3 + 2 HINEL,), —H> b HpUEE, (6) L

Reaction ab 65" 7produeed a material which revesled a hydrogen to aluminum ratio
of 1.1:1.0 indicahing overall yields of bis(diethylamino)alane and dleurylamino-

} alane in the ratio 78:15. These data suggest that HAl(NEt is laermodynamically

2)2
_ more stable than HgAlNEt and thus the former compound is proauce;% in high yield
- o under conditions predicted to form either HeAlNEt or HAL(NEL )2. This wes /

' verified by pyrolysis studies of diethylaminoaslsne (vide infra).

It is interesting to note :ﬁhait veven at an aluminugn- to amine ratio of 1l:k
some (5%) I{A]'(‘Mtg,)g remained in admixture with Al(NEtz)s;,; however, the latter
compound was préduced in high yield (91%) when diethylamine was used as the

sclvent. These results suggest that forcing vonditions are ;"équired to prepare

’crls(dla_tky,;ammo)alanes ,. due presumably to steric crowding :m the product. This

|l 1"

conclus:Lon was substantiated by our attempts to prepare A.L(NE" )3 by .the resction
of equivalent mola;' quant:.tles of I:{Al(-NEtz) o and diethylamine in benzene_ soluff:.o,n.
The replacement of all hydridic hydrogen was incomplete m‘;en after v’-eleuxing t“or
12 hr. "The reaction could only be forced to completion by using diethylamine as
the solwvent and reflwrmg for 12 hr. -
= i The most encouraging results observed in the reaction of aluminum, hydrogen, and'
. diethylamine were obtained in The reaction of excess alumir;um with diethylamine. :
The cordi%ions for preparaiion of I{Al(h'Et:a)e in high :,'igl‘d were' extended to thé
reaciion of a:lwnipum and other secondary amines. A variety of amines were chosen.
‘based on their rezlative base strengths as determined by both electronic and éteric
fackors. These included dimethyl-, di-i-propyl- and dirhenylamine, pipeéridine and

-pyrroiidine. 7The results of these expe‘rlmex . are summarized in Table IT.

1 ’ ’ [pssce I‘ab,.e II here.]




Table II. Reactions of Eﬁcesé Aluminum, Hydrogen und

Selected Dialkylamines in Benzene Solvent
AL+ 3/2 Hy + RN By

Retn. Retn.

Molar Ratio Time Temp.
< Retn # Al:Amine Amine P'(HE) (hr.) “c Products and Yield
1 1.5:1 HiMe 3000 & 150  HAL(NMe,). 51 .
_ (Excess Al) - 2 \ 22
2 " kooo 20 110 HAL(NMe ), 72
N : - : o A : HAL(Me,) 18
/ - 3 " " ' l&QOO 20 60 ‘No Reactio:n
I . piperidine 4000 5 180 BAWCH, - 0.9
i , - - HAl(NC5H10) o 83,
- s : -; " h000 20 110 HAIWCH, 3.5
ml@ﬂcsﬁl 03 5 29
T pyrrolidine 400G° 12 150 ;HAI(NCAHB} , 8
3 7 " HN(i-Brj,  h0OS b 110 Ko Re: eticn
g o oENg), 3000 4 150 ko Reaction

[




Az wag the case with -

< Zethylamine, prpuommant formation of the bis-~
(dialkylamino)ulane was ohserved bf reacbion of aluminum in cxcess with dimethyl-
amine (Reaction 1), piperidinz (Reaction 1&); and pyrrolidine {(Reaction g). Tow
yields of the dialkylaminoalan;é"were observed when these reacﬁor:s were run at

lower temperature (Reactions 2, 5). Ke reaction was observed in attempts to

prepare HQA;LNMve? at §0° (Reactioa 3). _ -

No reacrion was observed when the secondary amine was di-i-propylamine

or diphenylamine, indieating that the tase sirengtk of the secondary amine is

an important fucToy in the dir¢ct preparation reaction: Either ;‘;1113 is not

generated Ly the reaction of aiuminum snd hydrogen in the presence of weak second-

ary amines or AlH, iz genpratea tut the reaction with tnese sezcondary amines is :
. - o R : ,
not sufficiently fasv %o compete with the thermal aubodecomposition of the A‘1H3.'

Thermal Propert:.es of Aminoalane fompounds. ~ Th2 direct brez;ération study suggests

that 1 ic(dialkvlamino)alan S are e*mcdynamxcally more ‘stable then the correspond-

K

ing di Iqusum.nc:alane~ dnd thus the former corrpoum’ are formed preferéntially

at thege reaction iiemperatures. : Ws sought to obtain indeperdens verification of

these observatinzis  Little mformsr ion is available concerning the thermal

stabilities ¢ aminoalenes. Wiberg rsported that dialkylsminoalanes decompose

upon hesting akove their melling points with precipitation of dark flakes. ‘Ne

detaijs oneercing this v yIvL 7313 weére v-cportea and the. exacth orccxucz:: of
decomposition are unknoxn. 5¥n” sugiesied that expected de,om_;. on products

might include H., A%, Z"Al(ﬂfﬁe.)é, or AL(F )3, 2TC “n the other hand, it is known -

that the corre.ondings biz(dialks camino)alanss ars quite :sv;abif{tﬂh‘:rm‘ly.» thus,
it has teen veported ihat vaz(dimethyiamino)- ana b:’s(di-—i-prcp anmo)a;a;,x. can

be heaten unaer Mormsl prelzure «i*n refivans wii }‘o 1 :ir;-con:;:vit,on.f)

PR
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_quantitative determination of pyrolysis products under exach pyrolysis

- can be separated easily

o

is broadened conaideratly and a

I ‘ , b7
The thermal decompositicn of diai‘ylam;noalanes has been studied by

corditions.

The pyrolysis of piperidinoalane was tudled most thoroughly since this compound

from possi?le decomposition prouvucts by éublimation.
In addition, gpbctfoauoplc prepersies of this compound:gnd predicted decomposition
produets are unigue and can in fuet be used to follbw the pyrolysis reacfiono It
was hoped that results cbtainza from study of this system couia be extended fo
dercribe pyrolysis of other dialkylamiﬁoalanes.

In-one pyrolysis experiment, piperidinoalane was heatzd at reflux in

toluene. *Aliquot 3amples werc withdrawn at appropriate irtervals and the solvent

- removed under vacuum, Yeplaced by benzene, and the protcn magnetic resonance

spectrum of the benzens solubion recorded. These data are summarized in Figure I.

The iniﬁiél (T = O) spectrum of pipreridinoalane is changed tonsiderably by V
heé%ing at:}10° for 2.5 days. The h&dride s;gnai of Shis compound at 54?6 T
new signal (triplet at 6.80 7) appears. The
iyrélysis §a§-continued Ty refiuxing for longer periods. After 6.5 days the
siguaL due the hvdr inic p*ozon wags o ionger present and the gignal at 6{80 T

04

wag move intense, 43f,er neating at 110° for 8.5 dzys the ar=a of the signal

at 6.50 ¥ was fourd %o re egual %o rhe srez of the signal-at T.10 ¢ and the spectrum
= {3 by

av *hiz poinf is jdenticzl te that of iz (b ipers idinc)alane (see Figure III). These
specsral dzts were found to be wmnsenszitive to further heaving. The 2luminum and

hydrogen ratic was zstermined Ior sa aliquot and found to be 1:1. A grey

precipitate {(2foumea to o sismirm) Cormed during this pyreolvsis. Tnis spectral

study of The :minoxlind decampoiiticrn is Qualitative, tuh does sugeest that the

sobtle specie. forpea 1z 4as




48 -
stops with-formation of this species. We prcpcse the following pyrolysis .
reaction to account for these data. ‘ R
2 HAWNCH . = HALINGAH ), +3/2 B+ Ay (7

Attempts were made to o‘n tain qusntitative characterizetion of this conver-
sion by employing simultaneous gravimetric and c!i‘*i’fferéntig»l thermal analysis..
DTA-TGA thermal :‘igfa obtained for mono- and bis(,piperidinc)alane are shown in
Figure II. Piperidinoslane exhi'b.’:rbed 3 endothernmic eﬂffects" at 80, 195 .and 310°.

The first is assigned to melting and corresponds to the zjepoxfted mél:ting péint of

58°. The effect st 200 is tentatively assigned to conversion to the bis(piperidim)-

alane, gluminum and hyﬁrogen, however, the weight lnss et this point ‘wag always
found to be greater (by ~50%) ‘than that predicted on the basis of the proposed
pyrolysis reactxor}, Some meterial, howevc-r_; was al rays found to "blow out of
the Acrucvibl'e and c;‘bserved to collect on the_jinngr surface of the furnace asselgblyf
It was found thet this extraneous ueigh‘r., —lo;s coﬁl‘i ve dié;inisk;ed by using a - 7
crucible cover and hea"'mg at a &1 1lower rate, but it couid never be stopped
completely. The. 1ast. endot‘zev-m (3GO°) is assigned to decompositmn of bis-
(piveridino)alane. Th s az.;zgnment is verified ’oy the thermogram obtéined for
vis{piperidinc)alane whi-h emlb:.tea ‘*1 aud:.tmn to enaothermxc melting at 100%,
a similar decompos tion endotherm at 3-f" - The gx&ct nature of this decouposition
1s unknown. ) V 7

A sealed tube pyvrolysis expemzr.e*lt was perfoz::zeea in order  to pin down the

endothermic transition atv 200°. Hyﬁrogen (C.T55 m mol.) was obtained when

piperidinoalane (1.10 m mo0l.) was heated at 20C° for 15 minutes in = sticCed tube. -




~-This is 904, of the calculated amount bssed on equation 7. The proton magnetic

- xpz';onanﬂe snectrum of the ‘benzcne soluble pyrolysate was found to be identical

with that of authentic bis(pi pendmo)alane. These data are ttaken as verificstion
of the proposed (equation 7) pyrolysis. . "

The conversion of dlalkylammoalanes to the correspon ding bis(dislkylamino)-

- alane (equation 7) appzars to be a perfectly general resction as evidenced by
our IYJA-TGA studies of the n:rro lysis of diethylamino- and pyrrolidinoalane
(Tab‘v TL) 7
[Piace Table IIT here.)

The DTA trace of diethylaminoalane sho.eed thermal effects gt 30, 180, and .;40“
(T&ble III) These:effects are assigned to melting of the -starting material,
thermal daompos:.t:.on according to equation 7 and decomposition of bis(dicthy -
ammo)alane respectively. Ve ation of the assignment of the effect occurring

at 240° was obtained fmu; ITA-TGA analysis of bis{diethylamino)alane vhick showed

a similar endotherm at 2%C°.  Thé weight loss accompanying the effect occurring

et 18@‘ ‘#as always grea ter than that p'-edxc ted on the basic of eqmtm T- . This

is due o e:-.traneous weight loss due to excessive "bugpzng of the ':ngteria‘l. This

*ou..d be d.::m*sheu but not stopped c:.' heat ozng st a slower rate with & crucible
“cover. Quuntifative chg;act?ar;za tion of tnxo-teaztioa— was obteined by heating
diethyZamiroalans 3In'zn evsouataed, sealed tute st 28C° followed by analysis

for hydroggn. Hydrogen (C.95 = ml.) wss otained from 1.52 m mol. of

—

dlethylaminoaiane under thess conditions. This is 90% of the caleulated
smount bzsed on eguation 7. Pyrrolijincalane deccmposes in an analogous

fashion. Three endother=mic effects (Table IIT) a. &, le.‘:«, and 3C5°C were

observed. These 2re assisned o BE :1tin, of the rezgent, decomposition
2 - 2 ¢

4
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Thermal Properties of Aminoslsnes as Determined

Table III.
| By DTA-TGA Analysis.
Temp. of ’
DTA effect . -
Compound ) (‘Vendothem)“ ) ) ) Assignment 7 )
HALNES, 30 melting
186 formetion of HAl("HEta')e +Al + 32
2ko decom. of HAI(NEte}aﬂ o
HAl(NEt2)2 2ho _ decom. of kal(nﬁ:te) o
_ HAINC Hg . %0 melting
15C - formetion of HAll,!l\,hHB) + Al + H2
" 305 Secom. of HALNC,Hg),
ml(mbHB)e - 300 : dem. cf HAl(HChHB)e
, Hzaiscsxlo 66 melting ‘ |
195 - formation ofmi(ﬁcsam,a, Al ard Ha )
310 deécom. of KAI(HCSHm,,,
5&1(5'05!{.0)2 100 melting
: 310 decon. of EAL(NC 10




< <

according to equat.lcm ‘?, and deeomms:.tmn of hﬁs(pyrrohdim)akne respectuely
Bis(pyrmlldmo)alam th.b ; w simi lar ,.ecomposnmrx endotherm a’c 3c0°C. ”
These 1)3’2‘01"’56b conf irm conclt.:.-"ons besed on our stud:.es of tqe dn'ect
m:emratmn aof ammoal'mvs and :.n parbic sular on our inavility to pi-epare the
dialkyléminoa;anes in high yield.- Dialkylaminoalan2s have besn shown to decérnpose
acco::jdizig To reaction 7 slowdy by refluxing in bydrocarbon solvez;t and rapidly
by heat,mg the nest materiasl at the decomposition temperature.
The exact neture oif the thermal decomposition of bis{dialkylamino)alanzs
-could not e :ietemined by these D’IA-TGA studies due to bumping in thé crucible
at the decomposition remperatures. This could ot be stopped by hesting st
slow rates %%ith - ﬂruéible cover. Possit 1le modes of decoaposi’tion inciude
1) fomtmn of the correspording ,ns(cialky_anmo)a_nne, al‘.zamus and hydrogen
(equation 8) or 2) olefir eliminstion arﬁ formation of the covrespondixg alazine, 4

and &mlsmpe (“quatzo'x 9)

k1 Y - { 3 .
; 2 mli(mg)z 2 AL mza,., s AL ez - (8)
’ ‘3&1(3(»{:-58%3;}2}2 - [HuR]; + 3HEJR + 6 KT (9)
Reastion = is =1 extension of ke proco observea in ree.::_*.:ie; 7 while reaction

9 is predicted on the tasis of rsports copcerning the pyrolysis of bis(disikyl-

‘sminolboraness” The latter stiiizs indizated that pirolysis of bis(dislkylamino)-

ton, "Oroanotoron Chemistry,” John Wiley

-

r
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boranes result in the formstfon of the corresponding bonzme and =ono

slkylamine. These reactions gére not characterized quantitatively however...

Additions) work i required in order to charscterize the bis(dialkylamino)alane -

 pyrolysis. These studies would most logically involve DTA-TGA studies (in a
hermebically sesled crucible) and seaied tube pyrolyses followed by qmn‘bitative
determinaticn of reaction prcﬁucus (using a vacuum line manifom to sexnrar:e
and analyze volatxle components ).

SPectros li,c St::dzes of' A&im Alsnes - Aminoalan es i‘ors self—;seociated speeies

in l’:ydrocsrbon so.}. 't:.on. Dmlk;{laamoelares gre trimeric in “benzen= whﬂe

_corresponding bis{dialiglaminc)alanes sre mainly dzgserxf: (Tsbla 5). ILesser

sssociation in the latter compounds is undcubtedly a result of (1) grester steric

crowding in the more highly sz.bstztayed a"'m“ derivetives ard {2) msening of
amainw acidity as 3 result of =“::=mm—utroe:en boaﬁ;ng, fris(di-etkvhlim)
alane is the only xnoun & is-azmoa:.me which is asso:iated'm bénr‘.eae,. that |
being &s a dixer. kmlanea ca..lr.‘. conceivably assosiate’ srz:!:h formtion of
m2' or ® briqg»s, the }.af:.er iz isprc’:;abxe since 535\':1‘5.#“105 thmx:.gh coorﬁ
netively bomec azino groups is is fa vored oyer sun &1—3-&’ ihree *e:z’.aerﬁ hridee
bom The most loc "‘.‘. structures for t:;e a..irz:. aignes tezed on these ga:eul '
consideraticrs sre Strustures I, IT snd IIT (Pﬁe, 53). In ad&rb.’wa,
structures are oo consisternt with those which wers desometrated for homclogous

i3 < . s ik

axincborsnes - snd proposed for alzoXy sianes”  on the bssis of X-rey, nmr,

(33) L. X Trefonaz 2nd W. . Liporesd, . h=. Chem. g22., ’i‘?, 5535 ’1959}.

3 b+ £ 3z e o5 - - L ) P ¥ - -
(3-) H. Bk 2 H. Sueny. 2. avors. Ao, (he=, 352 (1-2), 1 (394B%

G e i b A o
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infrsred and dipole moment siudies.

The expected range for the Al-H sirething ?zbru*

’31600-1900@ »

(15} B. & Aigntosa, T. % Jymova, Y. 3 Eessler, and (m. K. Osipov,
Russ. Ches. Bev:, 317, 99 (z9e5).

L A

~ incrzese in coordination on the sluminu= sioe norrmsliy shifts the u-z bapds tc
sa.tler wvave nuabers. Subsil

with T bridging hydride chowing 2 reisiivesy broed bend arcund 160C om

w&&;&agesambsmtiu
- stbet isez:.s sirengihens f&e&s—ﬂ&masam&a&c‘ﬁnm

:ﬁze Al-H siretching vslence ¥i tretion far the éiﬁkpm {nest op

sol::tm) oceurs st »}3‘€ {": ble ¥k

[Piece Tsbie I¥ Here.]

=
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The Al-H deformation freguenciss ranged from 725 to T35 71 The position of
thne:!mﬁs suggests a four-valent gzmizss with kevdrogen oioms onded iz terminel

p-:sitioas s::pporz of the smine Lridged sﬁ- tere {I). ‘!he m-sz‘ﬁc
mnee spen:tnl dete also are in s:npcrﬁ z:zf ﬁzs struchire. The dizikyiamino-
o hydrogen =ad gh.tshsi:n M

The g&tw mgzsetxa. -emr.::a spesirum o

2lenex e:inbiteﬂ only ons kim of i@ér:
) (mu,e ¥l

;ipe:iiime}w is sm

{Piace ‘sb‘e ¥ Bere. ] A
in Fizure IIi. The S.ﬂ‘:ﬁis st 5.7 (s' ZietY T 713 (ir_;;,ss} ;nsi *J} X 4 (mltipgt}
_ of reiative Sntensitiss L.C 22.3:3.2 sre ;ss:gzﬁ iz hadridic hﬁmgc: bridging
nitroges 3 sethylens ard siperisposiiisn
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chesicel shift &
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Table IV. Infroved Spectral Data of Aminoalanes

Compound Al-H stxr. frequency Al-H deformation freguency
4 k :I . . 731 ———
3 HAl\NMeg)é ;834
HANNEL, 1829 3%
’ HAL(NES,,),, 18 692
H,AING, Hg ' 1832 o 129
m;.(r:ci}fe)2 oIk 695
HAINGH, :1828 12
HAL(NC Hy ), ] 1825. - 688

n e




T

IS Y

Anmingalene fraton Marnetie

Regonsen=y Spoctrnl Paosrs1ors.

3.5 o Rel.
Cemprand Solvent i°/7 7 Maltiplicity Area AT agrr =nt
Hil(. #,),  Benzene 2.k 6.17 singlet 1.0 Al-H
7.19 " 6.C Terminzl Aimenn,iamire
7.57 " - 6.0 PBrideing dlmainsianing
Ar{ide ? " el 5 " 2.0 fTerminal dimethy.sming
- v.51 " 1.0 Bridging dimer h:;a...:r
HQAHZCSHN " w6 5.6 singlet 1.0 7 AY-H _
7.13  triplet 1.1 Bz:z‘.dging, nirtroger. ¢ methylene
8.63 ~multiplet 3.2 R”:dgmg nitrogen 5 and y
. methy’ene
H.a.t(h‘t 10) " 2.2 6.8 triplet 1.0 -Terminel nitrogen x methylene
7. ic: triplet 2.G «Bzzidgiﬁg nitrogen o methylene
8.13 multiplet 3.0 Superimpssition of terminal and
bridging nitrczen 8 2nd y
rethylene -
H.,%Aliichﬁa " 3 6.79 triplet 1.0 Bridging nitrcgen x meihylene
8.32 triplet 1.0 pridying ritrogen B methyléne
FAI(}ICkHS)a " 2 6.69 triplet 1.0 Terminsl ni‘rogen x methylene
6.99  iriplet 1,0 Bridging nitrogen 4 methylene
8.29 multiplet 2.0 Terminal grd bridging nitrogen 8
methylene
HAL{Et,), i ? muliiplet 2.0 See Fipwre ¥
multiplet 2.0
33.-".1!!{4&3 ¥ 2.3 5.80 singlet 1.0 Al-H
- 7.96  singlet 3.0 trimethylsmine
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compounds Raﬂ.ﬂ‘s and I{3A]14!-ie3 were found to exhibit hydride signals &t

(16) E. G. Hoffmans, Z. Ansi. Chem., 170, 177 (1959).

6.3 and 5.8 7 respectively. Proton magnetic resonance gpectra of the remsining
dislkylaminoalanes {Table V) are also consistent with structure I, althovgh a
i:ydridef resonance was not observed for &ll of these. Thiz is attributeld toa
result of the relatively largé ele(rt.r-ic quad_rupole moment of A127 and coupling
-wiﬂr the unsymsetrical field. ) )
The .-_A‘l-nrsttétching freguencies of the b:is(;iia:lh'hgsim)alanes (néat or
in solution) bcgiu: in the range 1822 %0A1830 cm'1 -‘(—Téble IV). ‘These arze again
indicative of four coordinate alusinue atoes with hydrogen bonded in terminal
positions, i;x accord vi;th structuré II. The proton magnetic regonsnce specira
of the bis(diaikylamino)alanes showed only ore Kydridic environment (uhm* Zhis
could be cbizerved) and two nonequivalent dislkylamino environments of equal
intensity. These data are slso consistent with structure IT. Specificsily,

" bis(dimethylsmino)slane exhibited proton signels st 6.17, 7.19, snd T.67 7 ot

relitive sreas 1.6:6.0:6.0 (Figure IV). Thesé are assigned to hydridic hydrogen,
- terminal, ‘and bridging dimethylamino émr_j.romerfts reépectively. The dimethyl-

- amino zfeso-nauc;e's vere assigned by z’-efe:ence %o the spectrum of dimeric tris-
(dimethylamino)elane (H@re Iv) in benzene which shows terminal and bridging
amino signals at 7.23 end T.5L r respectively (relative area ratios 2.0:1.0

F" respectively). The spectz;al assignment for bis(piperidino)alane is a bit wore

complex owing to the presencz of P and y methylene in addition to a rxi;hrogen

TIrCw

pethylene_ environments. The spectrum of this compound in bLenzene solution




consisted of signais et 6.80 (triplet), 7.10 (triplet) ani 8.43 ¢ {cozpiex

rult pled) of relative aress 1.0:1.0:3.C respectively (Figurzs ITI). Thnese are
assigned to ierminal nitrogen a methylens, brfa‘ging g;i-érégen a methylene and
superiupos.tioﬁ>of both ter=zinal argd bridging ﬁitzogen B and y methylenz protons
respectively. Resonance of the hydridic proton was nov obseryed. Theseé dela
indicate that bridging and terminal dizlkylemino nonequivelence (eof struecture IT)
iz experienced most draétixi—'lx oy met%ylem groups bonisd o to téze aitrogen

end less by mcthylene groups boaded B end y.

The proton magnetis resnnance spectru= of bis{diethyiamins)alane was the
most complex and requires detailed explaunation (Pigure V). The specfruz is
consittent with a dimer of stf@cture IT but is cormplicated by foriuitous over!ap
of bridging and terminal nitrogen metnylene quartets and methyl criplests,. Two
fairiy distinct methylene quartets of approximately equsl ares are resolved;
h&wever, the signals for the methyl sroups sppesr ss a l:h:k:1 quartet. This is:
sssigned to overlapping of both the centrei and high field éoaponents of ore
methyl triplet with the central and low field components of the other. A& 1:4:k:1
guartet is predicted if thé two tripiet siénals wbicb overlap are egch present
in equal intenSit&.

In summary this work prcvides a reasonsbly detailed study of the direct
synthesis of aminoceslen: compounds Ty the reactici of eluminum, hydrogen and
secondary amines.. Although bis and tris(dialkylamino)alanes were synthesized
in high yields, dialkylaminoalanes could be prepered only in modesi yield due

tqrfhe thermzl instatility of these cemponnds.
. Spéctroscopic date (infrared and proton nmr) were corpiled for these com-
pounds and used tc (1) characteri: . reaction products (2) monitor pyrolysis

reacticns and (3) provide structursl informetion.
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Figura I. Proton Meznétic Resonsnce Spesctirasl Study of the Pyrolysis of
1129.13(:5810 in Boiling Toluene. Spectra were resorded in kenzenc solution:
A, £ = 0 spectrum of piperidincalsne; B, spectrum obtained sfter heating for

2.5 days; C, after he&tiné for 6.5 days: D, after heating for 8.5 davs.
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Pigure III. - Representat jue Protor

Lis{piperidino)alane In Beri ...
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Figure IV. Proton Magnetic Resonance Spectra of bis- and tris(dimethylamino)-

alane in Benzene Solution.
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Figure V. Expanded ¢ cale Proton Magnetic Resonance Sbectrum of Bis(diethylamino)-
alane in Benzene Soluvion: A; Mé’chylene Quartet at 6.80 r; B, Methylene Quartet

at 6.93 7; C, Methyl Triplet at 8.77 7; D, Methyl Triplet at 8.91 7.
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The Direct Synthesis of Aminoboranes
Roger A. Kovar, R. Culbertson, and E. C. Asnhby

Abstract

Detailed studies of the synthesis of aminoboranes by the axrect reacticn
of zlJuminum, hydrogen, diethylamine, and triphenylborate under. miia monditions
are reported., The exact products which are prepared have bteen shown to be a
function of the phenylborate-diethylamine ratio Tris(diethylamino)porane (814)
is prepared in admivture with bis(diethylamino)borane (%%) when diethyiamine is
uced as solvent. Bis(diethylamino)borane is prepared exclusively and in high
yielif(SO%) by alumirum-hydrogen reduction of phenylborate and diethyiamine in
3 molar ratio of 1:2 in benzene colvent. Aluminum-hydrogen reduéticns of
s3uivalent molar guantities of phenylborate and diethylamine in venzene did not
afford high yieids of the expected diethylaminoborane. Instead, nezrly equivalent
mOia; quantities of HB(CPh)NEﬁg,and B(OPh)ZNEtg were isolated. “has geaction
was found to be insensitive to chénges in reaction time or temperaturé. ‘The
reaction sequence which is proposed to explain formation of the latter products
involves (1) intermediate fcrmation of A1H3 (equation 1), (2) reaerion between
31H3 and diethylamine forming the more thermodynamically stabie b::{diztnylamino)-

23ane (equation 2}, aznd (3 reduction of phenylborate by bis{dietn/iumino}slune

Al + 3/2 H, - 'Alﬁ3 (1)

: HNEtQ i )
H —<> HALNEt, —=$ HAi{met ). (2)
-dg 3 2 "Hj o - -

o

Alf, *HET, - Al IEE,
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(Eng. Transl.), 136, 51 (1961).
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2 B(omﬂ HA'L(NEt ) ~ }m(om)mte + B(om)amzta + &1(k0}?h)3 (3)

This sequence was verified by independent studies of the exchange reaction

between bis(diethylamino)alane and 1 and 2 equivalents of phenylborate.

. 1 . 2
The use of aminoborane compounds as catalysts,” reducing agents,” and as

(1) J. Derning and R. J. Sampson, Ger. Pat. 1,118,200 (1061 to Imperial
Chemical Irdustries, It.).

(2) B, M. Mikhailov snd V. A. Dorakhov, Proc: Acad. Sci., USSR; Chen. Sect.

synthetic intermediates3 has been reported, however more widespread use of these

(3) B. Steinterg and R. J. Brotherton, "Organcboron (‘hemlstry, ' John Wiley .
and ‘Sons, Inc., New Yerk, N. Y., Volume 2 (1966).

~ compounds is limited by the inconvenience of preparation and high cost of these

reagents. Until riow aminoboranes Lave been prepared by the reaction of diborane

with secondary aminesh or of an aikali metal borohydride with a dialkylamménium

(%) H. WOth and E. Beyer, Chemische. Ber. 93, 922 (1960).

chloride.”

(5) G. W. Schaeffer ard E. R. Anderson, J. Am. Chem. Soc., T1, 2143 (1949).
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BH, + 2 HNR, ~ 2 HaBNRQH :-}? H,BIR,, ()
- + - - x n N
NaBH), + 321«1{2 cL = HBHRH + NaCl + H, —> H_BNR,, (5)

2

We wish to report the convenient and economical synthesis cf aminoboranes
in high yield by aluminum-hydrogen reduction of phenylborate in the presence of

secondary amines at moderate temperabure and pressure. The aluminum-hydrogen

>;educing system has heen shown to fﬁnction successfully in the reduction of boric

oxide to diborane in h0-50% yield at 750 atm., in the presence of aluminum

chloi-ide6 {equation &) and in the reductiocn of phenylborste (in the presence of

~

~ (6) 7. A. Ford, G. H. Kalb, A. L. McClellard and E. L. Multerties,
Inorg. Chem., 3, 1032 (196H4).

Lertiary smines) %o form amine boranes in nearly quantitative yield (squation 7).7

(7) E. 3. Ashby and Walter E. Foster, J. Am. Chem. Soc., 8, 3:07 (1962).

6(@.;;;1013_5() +xB O3 = xBH, + 6 AL0 /2503 (¢)
¢4, d4/2H +NR, +AL ~ HER, +A1(0Ph),
9 | /2 By + 1Ry + AL rrgmn‘,? A1(0Ph). ‘ (1
The amine boranes “e ez5ily .separated from the by-product triphencxyalumiaum
by_filtration, tri shénoxyawrvminum being insoluble in hydrocasbon solvenbs. Tais

reaction was Jhought to prouevd through the intermediate for:iation of AlH

3

- followed by reduction of the prenylborate to "BHj" and the. reaction of "BH3"
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with the tertiary smine. Reaction of aluminum, hydrogen, and equal molar
mixt. ~es of phenylborate and secondary amines at low temperaturss wes predicted
in an ana. 2gous way to generaée the secondary amine boranes (these are stable
orly at iow teuperature) (equation 8) while reaction of phenylborate and
, iy 100-150° i .
B{OP)., + Al + /2 H, + HlR, ———> H3B:-NR + Ar(og), (8)
3 : 2 2 2 3

secondary amines in 1:1, 1:2 anl 1:3 stoichiomeiry at high lemperaztures was

predicted to generate the aminobora:es Hn«B(NR2)3_n (equation 9).8

(8) R. E. McCoy and S. Y. Bzauer, J. Am. Chem. §22;; 78, 20€1 (1956).

H HNR,, :?"R% '
HyBIR, r}g-; H,BiR, —_-}-{-2—> HB(NRZ)z —_-ﬁa B(NRE)? (9)

Thus, the direct synthesis of a variety of amine ani amino baranévcompounds
depending on the initial stoichiometry of the reactants and c.: Tke reaction '
temperature were predicted. The economics of these processes ar: wortihy of note
~iaee the raw materi"r zye borax, sluminum, and hydrogen. The firz! products
are amine- or aminoboranes and triphenoxyaluminum which can te hydroivisd in the
rresence of sulfuric acid o regenerste ﬁhenci and form eium (A1230h33), “he
regenerated phenol osn then reacﬁ»wit, borax and HéSO& to form phenyl torate

ard the zluminum values are utilized as alum, a2 seizing waterial Zgea in the

paper industry.
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— - H MR ’
y ¥ n 3-'1’1 5 5
(PhO)3B tAL 4+ H, ——> HyBNH Ry |+ Al(OPh)3 (20)
‘TBorax + H80) 1 H,80,

1
£y

PhOH + Ale(soh)a-

(alumy

‘The present study was undertaken to -establish procedures for preparing
exclusively, in high yield, each of the }g)redicted reaction producte. Description
of the course of the aluminum-hydrogen phenylborate reducticn was of additional

interest and several experiments were conducted tc las~ribe the reaction seqguence

_ involved.

Experimental

Equlpn'“n’c and mtenals. - ‘Manipulation of air sensitive materials was accomn.u.shed

'b,,r use of standard bench top techniques and dry nitrogen purge or a dry box
ecuipped with atmosphere purification system for removal of oxygen and moisture.
Infrared spectral measurements were ootamed using a Perkin Elmer 621 ‘butomazt
Grating Spectrophotometer. Sanmles were prepareu for analysis in the dry box.
Spectra of iiquid samples were obtained from analysis of the neat mai;erial between
YBr salt plates while spectra of solid samples were obiained as the Hujol mull. 7
Proton magnetic resonance spect.ra were obtsined using a Varian A—s(’* magnetic
resonance instrument usmg solvent signals (either bonzem: or rethvlenedirhloride)
as .mi:ernal standard. 7
Hydrogenation reaefions were terformed using 2 _ 0 ml. Megnedrive Aubtocliave

Unit from Autoclave E eers Inc. The chamver was usual_y chercai in ire ary box,

and contents heated with stirring wunder hydrogen for a predesfernirs: time. After




ff iRy

oJ

sufficient cooling the chamber was vented and solurle products filtersd f:pom
r:xf:ess:_ unreacted aluminum and triphenoxyaluminhm in the- dfy Lox.

Benzene used as the solvent in the hydrogenation reac:hions was purc _'},ed
from Fisher Chemical Co. (Certified ACS Grade) and distilled from h’aAlﬁ‘h prior
to ule. Diethylamine was purchased from Fastman Chemicals and distilled onto ’
serive molecular sieve type 4-A. Aluminmum powder (600 mesh) was otrsined from
iLe Alcan Aluminum Corp. The aluminum was "activated” prior to use t.;!f ihe Ziegler

9

. . . . 10
activation process.” Boric acid and phenol, used to prepare phenylborate, = were

-(9) E. C. Ashby, &. J. Brendel and H. E. Redmon, Inorg. Chem., 2, 199 (1963).

{10) T. Colclough, W. Gerrard, and M. F. Lappert, J. Chem. Soc., 907 (1955).

ot tained from Fisher Chemical and used without further purificavicr. Ulitra Pure
Hydrogen 99.9995%) was obtained from the Matheson Corp. and used without further :
gorification.

i - 11
5 - 3 y 7 o 3 <abl s & 7 4
Aralyses. - Aminoboranes are i1clatively scabie toward bydrolysis. Conmplete

(21} E. Wiberg, A. Bolz, and P. Bucheit, Z. Anorg. Aligem. fhem., 236, . ,
P A L Y — -
2= {1048). )
noireivais was effected by toiling in water fur extended paricns (sevsrsl Lours). >

Yzmples Tor enalysis were weighad in 50-1CC m}. fizsks, =i

H‘

zchei T3 & 1*.\:1;14:’;’on

c

S, zre S5 =i, disi:illed water added. The mixtures ware hez®
*Le evelved amine znd water into a recziver repl oold with 2

L

wes T <% in the diztillats

9D
&
b

&, - > - > - { - - . —'_ y
e determined bty titrabtion with #varjzrz <13, Boron

- hs z o s , e L A%
s dmt=srmened bp slandexd btase titration of the toric zelz mani-cl -oxr.ex

-z i - X ¥ T 1T » - =, - . P I
22} R De Strebern snd M. B MHaswthorhe, Anil. Tath, 11, T7 0 44
AlZar 2LS¥h, Ia
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Whe: uisymmetrical phenoxydiethylaminoborane (HB(O¢)NEt2) was analyzed by a

mydification of the above procedure. Boron was separated from phenol (after

’hydrolysis and removal of the amine by distillation) by distillation of boron 2s
' 13

the methyl borate ester. Boron was analyied in the distillate as described above.

&

(13) H. Steinberg, "Organoboron Chemistry," John Wiley and Sons, Inc.,
New York, N. Y., I, 38 (1964).

Hydrogen in these compoundé was not measured analytically owing to the
diffizulty of effecting complete hydrolysis on a hydrogen gas liberation manifold.
The présehbé of hydiogén (6r absence) was determined qualitatively by infrared

gpectral techniques.

Keactions: Aluminum-Hydrogen Reductlons of Phenylborate

A. Direct Preparation o HB(NEtele. - In a typical experiment phenylbérate
(30 pr. or 0.1 mol.), diethylamihe (0.2 mol.), aluminum metal (5 gf: or‘l.5 mol. ),
and benzene (100 ml.) were heated at 180°C under 3000 psig hydrcgen for 5 hr,
vaecuum distillation (after filtration of the reaction mixture to remove unreacted
aluminum metal and triphenoxyaluminum and removal of benzene solvent under vacuum)
gavé a_single frécﬁion which boiled at 62° and 15.0 mm. Yield waéll3.3 gr HB(NEt2)2
or 8%. Anal. Calc. for HB(NEt,),: B, 6.94; N (as amine), 92.5, round: B, 6.82;
¥, 91.3. Triphenoxyaluminum (~ 15 gram) (determined by comparison of infrared

speciral data) was left in the distillation flask.

B. Direct Preparation of B(NEt213. - Phenylborate (G.l mol., ) aluminum
metal (2.7 gr or 0.1 mol.) and diethylamine (as solvent 100 ml.) were hested
at 180°C under 3000 psig hydrogen for 24 hr. Vacuum distillation (after filtration

and removal of solvent under vacuum) gave two fractions. Bis(diethylnmino)borane



(4 ‘

ot 3% and 15 mm (yield 19%) and tris(diethylamino)boron at 95° and i/ mm

(¢ yield).  Anal. Calc. for B(NEt2)3: B, 6.94; N (as amine), 92.5. [Kound:

.f.',‘, ﬁ.&_’; N,’ 9103-

C. Attempted Direct Preparation of HéB(NEEQl. - Phenylborate (C.l mol.),
dicthylamine (0.1 mole), aluminum metal (5 gr. or 0.15 mol.), and benzene (100 ml. )
were Loubed at 180° under 3000 psi hydrogen for 2 hr. (equatiovn 9, Uable Y.
Gwenum distillation (after filtration and removal of solvent under vacuum) gave
wo fractions. The first fraction (HB(OP)NEt,) distilled at 90° and 5 mm while.
the second fféction (B(Q¢)2NEt2) distilled at 120° and 0.5 mm. Anals Culc, |

T HE(O¢)NEt2: B, 6.11; N (as amine), 40.6. Found: B, 6.12, N, LO.2. Infrared

~

peetral snalysis indicated both aromatic, N-alkyl, and active hydride environ-

ments (B-H at 2498 cm-l). Proton magnetic resonance spectroscopic anslysis

{1 CHQClQ) showed signals at 2.87 7 (aromatic Multiplet), 6.76 T (kthyi metlylene

g urtet) and 8.80 7 (Ethyl methyl triplet) of relative areas 4.7:h.0:6.2 revpec-.
“ively. Anal. Cale. for B(O¢)2NEt2: B, 4.02, N (as amine), 2G.8. Found: B8,
$.825 N, 25.6. Infrared spectral analysis indicated the absence of é B-H
hratching bopd and the presence of both aromatic and N-alkyl environments. The
pre ton magnetlic resonance spectrum of this compound in CH2012 congisted of %ignals
. 3,0 7 (arometic multiplet) 6.86 7 (Ethyl methylene quartet) and 8.8¢ 7

(Ethyl methyl triplet) of relative areas 10.0:3.7:6.2 respectively.

Eeentially the same results were observed when the reactlon time was
xiended to b oand 24 hours (Reactions 4 and 5, Table II) with the exveption that
i uuvh‘cgée.a Sméll'quantity (< 1% yield) of HZB(NEta) wag vapor transferred (at
©tand 0.25 mm) into a Schlenk tube cooled in a dry ice acetone slurry rrior to

©onem digtillation of the major components as described above., Anal. calc. for

Best Available Copy
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HEB(NEtE): B, 12.72; N (as amine), 87.3. Found: B, 12.8; N, 88.2. ‘The
infrared spectrum of this material (Nujol mull) was identiesl to that of
HBB(NEtg) - parad by unequivocal synthesis ‘(Vide infra). The observed melting

point of L4° correspoads to tﬁéAlitenaturelh value of L4°,

(lh) H. I. Schlesinger, H. C. Brown, H. R. Hoekstra, uma ! R. kapp,
J. Am. Chem. Soc., 15, 199 (1953).

7 Aminoalahe-Phenylborate exchange reactions

A. Reaction of Egqual Molar Quantities of Bis(diethylaminc)alane aud

Erenylborate. - Phenylborate (2.89 gr. or 0.0100 mol.), and bis(dieﬁhylamino)-

alane (1.707 gr. or 0.00995 mol.) prepared by the direct rzaction of aluminum,

15

hydrogen, and diethylamine™ at 180° were weighed and mixed in the dry box.

(15) E. C. Ashby and R. A. Kovar, (In Press).

Imnediate evolution of heat was noted accompanied by solution of the phenylborate.

The infrared spectrum (neat) was recorded and showed a B-H stretching frecuency
gt 2500 cm-l and*no,Al-H.stret;hing bands. Benzene (25 ml:) was added and the
reaction mixture_étirred at 55° for 12 hr. A white precipitate (1zter identified
as trippenoxyaluminum by comparison of infrared spectral dats) had formed. ‘rhe
mixtur;:was‘filtefedlisolvent reroved under vacuum and prodach spearshad by
vacﬁum distillation. The product boiled at 63° and 15 mm and was iaeni;fied

as ﬁB(NEtg)z‘by comparison of infrared spectral data. Yield was 1,% gr. cr

9é% recovery of boron. Some —.8 gr. triphenoxyaluminum vremuired in the

ﬁistillation flask.
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B. Reaction of Pnenylborate and a Half Molar Equivalent of Big(diethyl—

amino)alane. - Phenylborate (.2 gr. or 0.0318 mol.) and bi-(diethylamino)alane
(2.4 gr. or 0.0159 mol) were mixed in 25 ml. benzene, Evolution of heat was
noted. The mixture mas.stirred for 12 hr. at 55°. Whrite solid (later identified

as triphéﬁoxyaluminum by infrared spectral comparison) formed dufing;thfs period.

The solution was filtered -and solvent removed under vacuum. Vacuum distillation

gave two products, st(ogeﬁ)m*c2 at 90° and 5 mm (2.87 gr. or 0,0162 mol.) and

- iB(O¢)2NE§2 at 120° and 0.5 mn (2,69 gr or ©.0101 mol.). These products were

fidentifiedlby comparison of eppropriate infrared spectral data. Some triphenoxy-
aluminum remained in the distillation flask. Triphenoxyaluminum obtained in
both the £iltration and distilléticn_steps was combined and the yield found to

“be 5.629 gr. or 0.18% mol. .

Unequivocal synthesis of H.B<NEt.. - Diborane, generated by the reactigg of NaAlHL'
~ 3 - ™) ~ - s

2.
and BF, in ethér16 was passed through~é trap cooled in a dry-ice acetone slurry

3

(16) A. B Burg and C. L. Randolph, J. Am Chem. Soc., 71, 3451 (1949).

and allowed to butble through diethylamine in benzene. Isolation of liquid

HBB'HEtQ

was effected by removal of solveht under vacuum. Ansd. Czle. based
on H;B"HNEt,: B, 12.4; N (as amine), 84. Found: B, 12.63 N, 85.4.

" Infrared specéral analysis revégled N-H and B-H stretching frequencies at 3260

and 2330 cm ©, respeckively. -

Unequivopal synthesi; of HéB'NEtz. - Diethylaminoborane was prepsrea ry pyrolyzing
HQBHNEt2 at 290° for 4 hr. The crgstalline product meltgd at Lu® (’L:’L'.:ts::'a‘:.ure:“br
value 4k°®) and showed B-H stretching bands at 2422 and 2358 em L and no I=H

stretching band.
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Re;ulp; and Discussion

Pertinent data (reaction conditions, stoichiometries df reactants and
reaction prbducf§§iéoncerning'aluminum:hydrogen reduction of phenylborate in
the presence of diethyiamiﬁeiare surmarized in Table I. Reference to this table
indicates that attgmpﬁs to prepare B(NEt2)3 and HB(NEt2)2 (reactions 1 znd 2)
resp.Thively; ﬁere quite successful. In this connection bis(diethylamino)borane
was prepared exclusively waen two equi¥aients of diethylamine, phenylborate,
aluninum and hydrogen_were_allowed to react. On the other hand, when diethyl-
amine was used as solvent, trig(dietﬁ&lamino)borane((81%) was generated in

admixbure with bis(diethylaminc)borane (5%).

Attempt§ to prepare diethylaminoboraneiexclusively and in high yield were
not successful. Product analysis of reaction 3 revealed ﬁhe formanioﬁ of two

compounds, gB(GPh)ﬁEte in ko4 yield and B(OPHZQNEt in 3% yield. Isolation of

2

these-pwoduéts irdicates incoriplete reduction of the (B-0Ph) bonds and suggests
that<éiuminum-hydrogen reduction of phenylborate in the presence qf equal eqguiva-~
lents of diéthylamine involves a. stepwise reduction of triphenylborate. These
results suggést that additional time is required in order to effect complete
reduétipn necessary for preparation of HéBNEtQ. in this cqnnection, reaction
times wére extended to % and 2k hr. (reactions %-and 5). A low rield (4 %)

of HéBNEté was isolated in each of tnese reacﬁions;-hb%ever, the maéoi products

(and respective yields) were found to be idcatical, within experimental errs:,

" to results observed when the reaction time was 2 hr. The same products were

isclated even when the reaction temperature was lowered tv 100Y {Reaction 5),

These data indicate that the aluminum-hydrogen reduction feaction is

_essentially complete after the first two hours of reaction and tnus z particalar




reaction sequence is suggested. 7Incomplete féd;ction of gll phenoxyboron
bonds suggests‘ﬁhét (1) the active reducing agent is not an unlimited quantity
of Aihé (geﬁeraﬁediby the reaction of excess Al and hydrogen) since A1H3<wou1d
be expected to reduce phenylbopgte to Bﬂ3'(2) the active reducing agent (Al-H
species") is preseint in limitedrquantity.and functions only to reduce some of
the phenylberate, and (3) the quantity of actu;i reducing agent is limited by
the quantity of secondary amine present in;tialiy.:

The reaction sequence which is consistent with these general requirements
and which we propose is the sequence operative in these reactions involves (1)
she intermediate formation of Alﬂé (by the reaction of aluminum and hydrogen
(2) reaction of A1H3 and diethylamine forming the more thermodynsmically stable
bis(diethyiamipo)alane and (3) reduction of phenylborate by the aminoalane.

The exaclt sequence proposed is deséribed below.

Step i: ,
_ H, -
2 B(OPn), + 2 HNEt, + 2 Al -2 2 B(0Fn); + HAL(IEt,), (11)
# Step II:

2 B(OPh), + HAL(NEW,), = HB{OPh)NES, + B(0Ph) JHEL, +a1(opn),  (12)

b o v AT gty

Independent verification of this reacticn aequeiice has beenm oblzined. we huve

RANNE Cis

1 ’ . e . N . . .
3 found 7 that resction of aluminum (in exvess). hydrveen, and diethylamine in

benzene solvent results in predominant formation of ixs ~urresponding bis(dialkyl-

3 amino)alane. -
5 ( HNE®,, - HIE®,,
AL +3f2H, —S> EAUEGH > HALEL, —=> 18t (13)

2 2

Lt 02

S




Bis(diulkylamiho)alanes are more stable thermally than the corresponding

dislkylaminoalane (HEAINRQ) and thus, the former compounds are formed preferentially.
The reaction of alanes in general with borate esters (Step [I of the
proposed sequence) has been studied in some detail by other workers. These

17

studies provide information concerning the reduction of borates with alane,

PR

(17) H. Noth and H. Suchy, Z. Anorg. Allg. Chem. 358 (1-2), h9-68 (1968).
- : =" = Aoy ’ '

17

alkoxyalanes,” and alkali metal hydrides;ls however, the reduction of bLorate

(18) H. I. Schlesinger and H. C. Brown, et. al., J. Am. Chem. Soc., 75,
186 {1953). , o - '

esters with aminoalanes has not been studied in any detail. We attemﬁned to

characterize the aminoalane reduction of phenylborate a2t two different stoichiom-

_ etries, In the first reaction, equal moler quantities of bis(diesthylamino)alane

and pnenylborate were allowed to react. Isolation of bis(diethylamino)boréne
was quantitative indicating the Following overall reaction:

B(OPh)3 + HAL(KES ), - 7 HB(fmte)é + A1(OPh) (1k)

T Ty

HB(OPh),, + AL(IEt,)0Ph = HB(OFu)NEL,, + AL(UPh)HET,,
The infrared spectrum of the neat mixture obiained after initiel mixing
of the reagents exhibited a B-H stretching frequency atv 2500 cm-l and no Al-H

tret.ching frequency. These data indicate that the first suep of the exchange,

Gt
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transfer of hydnogenAfrom aluminum to boron occurs rapidly; however, the
-observation that triphenbxyaiuminum is solubilized in benzene (see experimental
section) may indicate thst the intermediates aétuglly present in this reaction
are mixed, unsymmeirical amino-phenoxy compounds. Equilibrium between these
speéies allows isolation of the most volatile component (HB(NEtE)E)j and forces
the reaction to completion. These results indicate that aminoalanes exéhange
both hydregen and secondary amino groups with triphenylboraie when the émigoa;ane
Ais presehﬁ in sufficient quantity. |
The rea~tion of phenylborate -and a half molar equivalent of bis(diethylk-
amino)a;ane was studied to determine whetner the incompletely exchanged boron
species HB(O¢)NEt2 and B(?¢)2NEt2 could be isvlated when the amincalane is
p;esent in limiting quantity. Infrared spectral analysis Ef:the mixture obbazined
after initial mixing of the reagents indicated the absence of an Al-H stretching
fréquency and the presence of a B-H stretching band at é500 cm?l- Thus, the first
step of the exchange, transfer of hydride from aluminum fto toron, occurs rapidly.
:Isélatioﬁ of HB(QPh)NEtz, B(OPh)eﬂﬁte, and A}(OPh93 was nearly guantitative

according to the proposed exchange reactions shown below.

2 B(OPh)3 + }IAl(NEt2)2 = Hs(om)rmte + B(,om)éimtg + A1(~0;>h)3 (15)

HB(OPh)2 + A—l(NEta)er)Ph +’B(0ph)3 = H:B(OPh)NEtz #Al(UPh)QHEtE + B(Of'h}3

Apparent solubilization of tridhenoxyaluminum in benzene is indicative of a

complex equilibria invelving unsymmetrical, incompletely exchanged species. As
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befo;g, the most volatile compenents -(in thls pase HB(OQ)M’“,ﬂ and B%&G¢)2NEt2)
7 ar.e iéolated by vacuum distiliation and the equilibrium is driven in one
particular direction. 7
The am;moa;lane-phenylboré;\te exchange reactions are in 7complete agreement |
with our' observations concerning the direct reaction of egual molar mixtures of
triphenylborate and diethylsmine, aluminum, and hydrogen. Thesé exchanée réactions
successfully sccoant for fé“matkon of the exact products (with analogous %
yieldsi and in addition prﬁyi@e direct explanation of the apparent solubilization
- of triphenoxyaluminum in be: zene. These re‘gctions prc;:vide convineim,; evidence
that reactions of equal mola- quantities oi; phenylbéra’te and siiethylamine with
: " aluminum and hyérqgen proceed through iﬁtérmediate formation of the bis(diethyl-

amino)alane.

It ‘s}hould a1so be emphasized that aluminum-hydrogen reductions of phenyl-~
borate in the -i)i'esence of two and three equiw;alents of aiethyiamine cz.ould alsc
proceed through the corresponding amincalane intermediates HAl(NEtQ) and
-Al(NEte)?’ respectively. No distinction cor%cexning the rea(:_i:;ioh sequencé is
pogsibi‘e in these csses since all of those proposed predict formatibn of the
observed products. I |

In summary, this work has provided an in depth study of the aluminum-

o

hydrogen reduction of phenylborate in admixture with various stoichiometric
amounts .of diethylamine under varying reaction conditions. Details concerning

‘the direct preparation of H:B(NE{;2)2 and B(NEt?)3 in high yield were specified.

bl A

Attempts to prepare HéB(NEtQ) in an analogous way were not successful. Detailed
studies of the reaction of aluminum and hydrogen and equivalent mixtures of

: diethylamine and phenylborate have shéwn that equal molar mixtures of }HS(O¢)NE*:,2

AT
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and B(OF), NEL, result rather than the desired HDBHEte.- Thig veaetion has
Leen shown to Droceed through intermediate furmation of the bis(diethylamino)-
uxlane with phenylborate, followesd by arilnoalane reduction of ﬁ-ze pushy.torate.

This work will be extended to irclude a description of the reasction of

aluminum, hydrogen, Vphen;{lborate, and two equivalents of a varieiy of secondary
emines. These will include dvimethyl-, di-i-propyl-, di-phenylamiz. as wxll as
pipsridine and pyrrolidine. The—reactiﬂn of dimethylamine, p:rf,’:ﬁl}’-‘,;lﬁe, and
piperidine with aluminum and kydrogen {in the absence of phenyloorat~)} has been

<hown to form the corresponding bis(dialkylamirc)alane; while no reactions were

cbeerved in the corresponding reaction with §i-i-propyl- and di-phenylamine.

Based on these obsemretiohs we predict that aluminum-hydrogen redactions of
vhenylborate in the presence qf‘ two equivalents of a seccpdery amine will lead —
to formation of the bis(dialkylamino)Lorane when the secondary ;emine is dimethyil-
amine, pyrroiidine, and piperidine but ma& lead to more oomplex results when the :
secondary amine is Eli-i-p;'opyl— and di-phenylamine siace phenylborate reguctions
ir. these cases may E‘i procerd *hrough intermediate formation of the correspsnd;ing

axinoalane. N
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Direct Prepsration of Aminotoranes -

A . . .
-~ ? t
B(OPh)S + HNEt, + Al ) HnB(HE 2)3_n + AI(GPEI)3

=

&

2 2
3,000 psi
Initial
Reaction ¥plar Ratio Tire Terp.
lo. ‘ :B(c¢)3:m2 Hr. °c Product and ¢ Yield
1 e ok 180 B(IES, 21
(amine solvent) ;
_ HB(HE{:?)Z, 5
2* 1:2 5 180 B(EEL) &5
: 2’2
3* 1:1 2 180 HB(0Th);EL, L2
- ) B_(!“f:é}(ﬁ?n‘)? G
b 121 L “180 HB(sE <1
1B{CPa) :::.;3; ey
f B(%.-‘b- (F), 35
3 1:1 24 150 B a(r?fg‘, <1
tﬁ((‘?ﬁ);?ﬁ.’., 33
B(i;r.*.,.)(OF?z}- *
6 1:1 24 100 ms(mz,:::f.., 32

. ] :
“heze resulis are each representative of three runs urder the spe2ificd
condibions. E -




Concerning the Reaction of Lithivs and Scdius Hydride with Macressiix= Bslides
in Etter Solvents. A Convenient and Escrnozis Boute Lo Heasfive Megprocium

Hydride. A Potentiszl Route to M M'H_ .

BE. B. Sckaarfz ari B, £, Ashby

1he mamesium bydride by stirring che mixture in tetrshyivefizzr, Oo—wersislly

T

hivm was found to reze: slowly with mepmesis: tromide 2r3 nzt 21 il

I

[

o
Y
b

-

Pt

put

"

¢t

with =mapnesiuz chloride in tetrshydrifixsn. No cozplex of the Type M MH w2s

e ted eemd S eim iess
dzterted using ex228s £1Enii metzi hyiriie.

- introdastiod : . :

Erc? S SO T oS e JN -~ PO T g
there sre thrse porsrsl methods for preperins meqnes: s nydrize.

'

. (1) . ¥. Macksy, "Hydrozen Corxpovnds of the ¥etallis EZlements,”™ Wilmer

-2

] : Brothizrs Limited, Birkenhead, Theshire, 1656, p. 39.

4

T

ire eguations used to represeni these methcds are shown welow (Baz. 1-3).
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(5255}2&; -—'29 !~.§_:§12 + 2 x.gkf:! (1)
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LIALE, + 2 Mg(CoHg), = 2 M, + LAAL(CH,), (2)
Mg + H, —200 > Mgy (3)
T2 200 atm 2

The pyrolysis of diethyl magnesium to form magnesium hydride {(FEq. 1) was

reported by Wiberg and Bauer.e The preparation of magnesium hydride from lithium

(2) E. Wibery and R. Bauer, Z. Naturforsch., 5b, 396 (1950).

aluminum hydride and diethyl magnesium (Eq. 2) was first reported by Schlesinger

3

et. ul, They found that the preparation of pure magnesium hydride depended on

(3) 6. D. Barbaras, C. Dillard, A. E. Finholt, T. Warlik, K. E. Wilzbach
and H. I. Schlecinger, J. Am. Chem. Soc., T3, 4585 (1951).

<

the proportions of the reactants, the order of addition and the concentration of
the solution. However, recent work in this laboratory has shown that magnesium
hydride is formed regardless of the order of addition or the concentration of the

solution.LL , e

e

(k) E. C. Ashby and R. (. Beach, .unpublished results.

The formation of magnesium hydride from the elements (Eq. 3) occurs at
570° and 200 atm. with magnesium lodide used as a catalyst. This method is
obvinusly an economic one and the magnesium hydride prepared by this method. is

commercially available. Unfortunately Mng prepared from the elemints i3 quite
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unreactive even to air and water. On the other hand, megnesium hydride prepared
by the reactions represented by cqustions 1 and 2 reacts violently with water.l
Thus the methods represcrnted by equatlions 1 and 2 have been used for the

preparation of MgH, whun sctive materinl 1s required.

2
In 1951 Wiburg’ reported the preparation of megnesium hydride by the

(5) E. Wiberg and R. Bauer, Z. Naturforsch. b, 171 (1951).

reaction of lithium hydride and magnesium chloride in diethyl ether. He also
stated thot if lithium hydride were used in excess that a complex of the form

LinMﬁH might, be formed sithough it could have been a physical mixture of lith-

241
ium hydride and magnesium hydride. Very few details were given in this report
and no subsequent report has appeared.

The reaction of slkali metal hydrides with magnesium haiidés in ether
solvents could be-a-more convenient and ecohomical route to reactive magﬂesium
hydride -than the methods now svailable, especially if the less expensive and
commercially evailable NaH wes found %o react with magne.ium halide. The iéeal
gsituation of courge would be for sodium hydride to react with a magnesium~halide :
that ic woluble in some solvent *o form MgH2 which is insoluble in éil éol&ents
and the by-product sodium halide which would be soluble in the reaction solVent.
Thus the achtive MgHP couln be easily isolated in a pure form by filtration. We,

thercefore, decided to wuplore the gencral scope and utility of this reachtion to

. produce magnesium hydride free from the alkali metal halide by-product. We also

Lo deteremine it LinM;.’;H2+n Ir formed iu the reaction and if so isclate the

compound. Rest A\Ia“ab‘e COpy

wished
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Fxperlnental Snctlon

All operatlons were carried oub either in a nitr ogen filled'glove box
equipped with a reécirculating system to remove oxygehrand water6 or on the bench

(€) T. L. Bmm, I. W. Dickerhoof, D. A. Bafus and G. L. Morgam, Rev.
Sci. Instzum » 33, +Jl (19(?)

-using typical Schienk. tube techniques. All glassware was flash flamed and -

flushed w1th_ﬁ1trogen prior tp use.

Instrumentation. - Infrarea spectra wers obtained using a Perkin Elmer model 621

High Resolution Infrared Spectruphotometer. Cesium Jodide cells were used.

Spectra of sclids were cbtained in nujol which had been dried over sodium wire

_ang stored in a dQry box. =

-vay powder dlffrakt_on Pz ternu were run using a Debye-Scherrer camera

of th~6 mnt dlametcr using Gk, (1.54C %) radiation with a nickel filter. Single

tiwalled capillanies of 0.5 mm diameter were used, These were filied in the dry

" box and sealed with a microburner.

Rgagen#s. - Tetrahydrofuran and dietﬁyl ether (Fisher Cestified Reagent) were
aistilléd:over sodium aluminum hydride an; lithiwm aluminum hydride, respectively,
immedistely before use. 7

Mercuric halides (Bakér Analyzed) were dried under vacuum and used without
furthe; purificazion. irlplv stblimed ma2;mesium was obtained irom Dow Chemical
Got it hé&rwasheﬁ w}ih diethyi ethgr and dried undér vé:wum prior to use.

Sodaium hydride was obtaineé from Alfa Inorganics as a 5?% suspension in
) hydride was oltained from Alfa Inorganics as a dry pow&ér.

t-Buty% lithium In pentane solution was obtalned from Focie Mineral Co.

Bt

i
!
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Analytical Procedures. - Halogen analysis was cerried out by the Volnard method. .

VLRI

Magnesium analysis was carried out by titration with EDTA. Hydridic hydrogen .
analysis was carried out by hydrolyzing a weighed sample of the compourd on a
high vacuum line and transferring the gas to a calibrated measuring bu%b with a

Tépler pump atter passing the gas through a liquid nitrogen trap. Litf:jm

analysis was carried out by flame pholometry.

Preparation of Magnesium Halides in Diethyl Ether and Tetrahydrofuran. -

T

Magnesium halides in ether solvents were prepared as described previously.

( (7) E. C. Asbby, R. D. SchwartZ, and B. D. James, Inorg. Chem..9, 325 -
1970).

Prepa;ation of Lithium Hy@fide, - To an autoclave (300 ml chamber.) was
added 150 ml of t-buityl 1ithiuﬁ in pentane. The autoclave was then pressurized
to 3000 psi with hydrogen and allowed-fo sTir overnight at room %emperaturg. The
resulting solution was not filtered and the white soléﬁ obtained was never alloﬁed
to become dry; The supernatant liquid showed no aectivity and analysis of tge solid

as a slurry in ﬁentane gave a lithium to hydrogen ratio of 1.0:1.0:

Reaction of Lithium Hvdride (Commercial) with Magnesium Chloride in

Tetragydrdfuran. - To 50 ml of magnesium chloride in THF (0.3188 m) was added ‘
250 mg lithium hydride. The solution was allowed %o stir for two days at room
tenperature. The solutior was then filiered and %he analysis of the filtrate

gave a magnesium tc chloride ratio of 1.0:1.97.

Reaction of Titnium Hydride (Commercial) with Mzznesium Bromide in

Tetrahydrofuran. = To 25 ml of magresium bromide in tetrabydrofuran (0:1436 M)

was added (0 mg of lithium hydride. The solution was allowed to stir for
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two day§ at room temperature, The solution was then filteredtand:theranéiysis
of the filtrate gave a magnesium to bfomide ratio of 1.0:2.00.

In a separate experiment tne lithiuh hydrid> wvas added to the magnesium
bromide (in excess) and the resulting solution was refluxed for ivwo days. The
solution was t;en filtered andAthe analysis of the filtrate gave a magnesium to
bromide ravio of 1.0:3.5hk. The infrared spectrum Of the solid showed some broad

bands in the region of 800 cm_l - 600 cm-l characteristic of magnesium hydride;

Reaction of Lithium Hydride (prepared from t-Bubyl Li) and Magnesium

Ckhloride in Tetrahydrofuran. - To 25 ml of magnesium chloride in YLHF (0.3258 m)

was added 20 ml of a lithium hydride slurry (0.8 m) in THF. The solution was
stirred for two da&s at room temperature. The sélution was then filtez.:d and
the analysis of the filtrate gave a magnesium to chloride ratio of 1.0:2.02.

Analysis of the solid obtained gave a H:Mg réjio of 1.0:0.1. The X-ray powder

pattern of the solid showed only lines for lithium hydride.

Reaction of Lithium Hydride (prepared from t-butyl lithium) and Megnesium

Bromide in Tetrahydrofuran. - To 75 ml maznesium bromide in THF (0.1841 m) was

added 33 ml of a slurry of lithium hydride {0.8 m). The solution was stirred
overnight: The solution was then filtered and the filtrate gave on analysis a
magnesium to bromide,ratio of 1.0:2.99. The X-ray powder patiern of the solid

obtained showed strong lines corresponding to magnesium hydride and some very

weak lines corresponding to lithium hydride. The infrared spectra of the solid

also correspond %o magnesium hydride.

Reaction of Sodium Hydride and Mapnesium Bromide in Tetrahydrofuran. -

To 83.% ml of magnesium bromide in THF (0.1436 m) was added 1.15 g of sodium
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hydride (57% in mineral oil) and stirred for two days.A The solution was then
filtered and the analysis of the filtrate showed no magnesium or bromide in
solution. The infrared spzctra and X—fay powder pattern indicate a mixture of
sodium bromide and magnesium hydride.

Reaction of Sodium Hydride and Magnesiwm Chloride in Tetrahydrofuran: =-

To 50 ml of magnesium chloride in THF (0.32L3 m) was added 1.5 g sodium hydride
(5T in mineral oil)." The solution was stirred for two da&s at room temperature
and then filtered. The infrared spectrum and X-ray powder pattern of the solid
indicated the solid to be a mixture of sodium chloriie and magnesium.hyﬁridg with

some unreacted sodium hydride.

Reaction of Sodium Hydride and Magnesium Ibdide in THF. - To 500 ml THF
was added 120 ml of 0.1641 m magnesium iodide in diethyl ether. To this slurry
of MgI2‘6THF was added 1.87 gm sodium hydride and the slwrry stirred for three

days. HNo iodine was detecited in the supernatant solutinn after three days and

the solution was filtered. An X-rsy powder pattern of the resuiting solid shoved
 only sodium hydride and MgIQ'6THF.

Reaction of Sodium Hydride and Magnesium Iodidw in Diethyl Ether. - To

100 ml of magnesium iodide in diethyl ether (0.1629 1) was sdded 1.4565 gm of
sodium hydride (5T in mineral oil). The solution was stirred for two days

and then filtered. The infrared spectrum and X-ra& powder patiern sh;wed sodium
iodide and magnesium hydride to be present; The solid wasrthen placed in 200 ml
cf THF and stirred for one dazy. This solution was then fiitered and the
fesulting s0lid analyzed for magnesium and iodine. The 1g:I ratio was 1.0:0.11.

This represents removal of over 90% of the sodium iodide.




Results and pisqpssion

In the present study lithium hydride and sodium hydride were allowed to
react wi%n magnesium chloride and magnhesium bromide in TH®F and with magnesium
iodide in Tﬂﬁ and diethyl ether. The purpose of this siudy was to pre%are
magnesium hydride quantitatively eand free from alkalimetal halides whére

~ possible. This is desirable since the lithium hydride and magnesium halide
étarting mategials are less expensive than.tﬁe lithium aluminum hydride and
diethyl magnesium frequently tsed. -

Commercial lithium hydride obtained as;a dry powder 4id not react with
magnesium halidés:in THF at room température. Even after stirring at ;oomr
temperatuie for several days only the unreacted starting meterials w;refrecqyerad.
The nonreactivity of the commercial grade of Iithium hydride is prob&bly due

to the formation of an oxide coat on the solid. In a preliminary eiperiment the

commercial grade of li@hium*hydride was allowed to react with magneéium bromide
in refluxing THF. Some reaction did take place as the Mg:Br ratio in sdlution
rose to 1.0:3.5%. The extent ofAthis reaction is currently under study. Care

however must bé taken to guard sgainst cleavage of the THF by the Mgﬁz.s

(8) H. E: Podall and W. E. Becker, g. Org. Chem., 23, 1848 (1958).

In order to avoid the problem of ether cleavage a more reactive form of
lithium hydﬁide was prepared which might reduce the time required for complete
reaction and thus also reduce the cleavage. Hydrogenation of t-bubyl lithium

in pentane at 3000 psi and 25°C afforded a reactive LiH as a pentene slurry.

T

The LiH remained active as long as it was not allowed to become dry.

e = - ——— e L e - e
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Reaciion of this LiH with MgCl in THF at 25°C however afforded only

2
unreacted starting material after two days. The reaction of this Lill with
MgBr2 in THF gave MgH2 after stirring over night. Thg reaction was not complete
however since some %eak lines corresponding to ILiH were found .along with linés
for MgH2 in the X-ray powder pattern of the solid product. -

The main ad&antage of using LiH iz that the lithium haiide by-products
>would be scluble in both diethyl ether and THF. But if one must obtain the LiH
from t-butyl lithium then the economics of the reaction would no longer be an
advantage. With this in mind we deciaed to use thercémmercialiy available sodium
hydride which is a 50% dlspersién in mineral oil. Since it is sold as & dispersion,
the soGium hydride is sble fo retain its reactivity. Sodium hydride readily
reacts with MgBre in TEF to yield MgHé. If excess mggre is used no sodiuﬁ hyd;ide
is found in the solid product, However tﬁg Mgﬂé produced is mixed with two moles
of the insoluble IiaX by-product. However for many purposes this will cause
no difficulty. _

Sodium hydride was found not to react with Mg12 in THPF.. Tt was thought—

that the solubility of the HaI in THF would provide 2 driving force for the

reaction but after stirring for several days only stariing meterials were

recovered. Sodium hydride was found 2o react with Hgl? in diethyl ether. Ninety

percent of the daethyl ether inscluble Ifal was removed simply by stirring the -

physical mixture of EgHZ and sl ia THF.

In conclusion it may be noved that where excess alkali metal hydride

was used no cowplex of the form ”anHE*n was detected but only physical mixtures

Ly

of the alkalimetal hyaride and magnesium hydride as showa by the X-ray powder

diffraction patterns.
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Table I. Summary’of Results of Reactions of }Metal derides with

Magﬁesium Helides in Ether Solvents.

Reactants

NaH/MgiE

NaH/MgIE ,
NaH/MgBr,,
'NaH/MgCla

LiH/¥gCl,

© LiH/MgBr,

LiH/r-xgc12 (v)
LiH/MgBr2 (v) .

KH/I-I{;I2

3¢lvent
(c2H5)é0
THF
THF
THF
THF
THF
THF
THF

QCZHs)QG

Reaction Corditions

Room Pemp, 3 2 days
Room Temp. ; 3 days
Room Temp.; 2 days
Room-Temp. ; 2 days
Room Tempf; 2 days

Reflux; 2 days

‘Room Temp.; 2 days

Room Temp.; 1 day

Reflux; 1 day

(a) IfaI can be removed by extraction with THF.

Yield MgH2

100% ()

No feaction
100%

50%
Ne reaction
33%
No reaction
33%

1005

(b) LiH prepared by hydrogenation of t-butyl lithfum.
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Concerning the Reactions of Lithium 'and Sodium Aluminum Hydride with ‘
Grignard Reagents in Ether Solution. Attémpts to

Prepare RHgAlHL Precursors to HMgAth. -
E. C. Ashoy and R. D. Schwartz

Abstract
The reaction of lithaum aluminum hydride and n—butylmagnesium chloride
in diethyl ether yields a compound which on the basis of its infréred spectra
is assigned the formula ngAlﬁzRf This compbundris soluble in ether solvents

but insoluble in hydrocarbon solvents such as octane. Reaction of lithium or

sodium alwginum hydride with methyl or sec-bubyl magnesium chlioride does not

result in the formation of HMsAIHL R but insteald magnesium hydride is produced.

3

3 - Introduction

In our atitempts to prepare hyﬁrldomagnesiﬁm 2luninum hydride (ngKth) we
E have foéused attention on the prepafation-of alkyi magnesiumra_uminum=hydrides
since this class of compounds should be easily conve?ted to HHgAlHﬂrby h&drb-
genstion. The method we chose %o prepare:this precursor invglves the reaction

of lithium aluminum hydride and-a Grignsrd reagent.

e LiAlH, + RMK = Rghld + BiX - Hx)
, Hy 7 »
: - ‘ RIGALH) —> HMAL, +H) : (2)

Strebel has reported that addirion of lithium alumirum hydride to

(1) ». trebel, Ph.D. Drissertation, University of HMunich, 1958.




ethyl magnesium chloride in,d;ethyl ether yielded a soluble compﬁund with bthe
enpirical formula CQEEMgAIHL and the structure he assigned to 3t is shown in

Figure I. Hbﬁaver no spectral data were reported to verify this structure.

C.H_. H, K
2N NS
Mg, /\Al
Eteo/ “H H

Figure I

In 1956 Rice® reported that when phenylmagresium bromide was allowed to

(2) H. 3. Rice and P. J, Andrelles, Technical Report to the Office of
Naval Research Contract ONR-LOL(Oh}, 1956.

react with lithivm alvminuam hydride in diethyl ether at a mole ratio-of 6:1, the
resulting product had the empirical formula (06H5)2Mg~C6Hsﬁgx'3écgﬂs)20. When
a Grignard to lithium aluminuﬁ hydride ratio of 10:1 was used, a product of

empirical formula CH_MgBreCH MzH»3(C.H.),O was isolated. These compounds were
] 65 65 252

soluble in Yenzene and insoluble in diethyl ether.
Cohsidering these differences in the prior art and our desire to prepare
RMgAth compounds we decided to study the reactions of alkali metal aluminum

hydrides with Grignard reagents in order to determinue the exact course of this

o ) reaction.

Experimzntal Seotion

A All operations were carried out either in a nitrcgen £illed glove box

M

- o SO
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equipped with -a recirculating system to remove oxygen and water’ or on the

5) T. L. Brown, D. W. Dickerhoof, D. A. Bafus and G. L. Morsgan,
Rev. Sci. Instrum., 33, 491 (2962). :

bench using tvpical Schlenk tube techniques. All glassware was flash flamed and
flushed with nitrogen prior to use.

Instrumentation. - Infrared spectra were obtained using a Perkin Elmer

model «621 High Resolution Inizared Spectrqphotometer. Cesi{lm Todide cells were "
uszd, X-ray pvowder diffréction pavterns were run using a Delye-Scherrer cgmérg»
of 11k.6 mm diemeter using Cuk, (1,540 A} radiation with 2 nickel filter. Singie
walled capi].lar‘ies of 9.5 rm diameter were useld. These were filled in the dry
box and sealed with a ;nicroburnere ) -

Reagents. - Diethyl ether (Fisher Certified reagent) was distilled over
lithium aluminum hydride immediately prior to ﬁsef Priply sublimed msgnesium
wa:s'obtaiﬁe& from Dow Chemical Co. The magnesium was washed with diethyl ether
and dried under vacuum -prior: to use. Lithium and _sodium alum;lnum kydride were
obtained from Ventron i-:et;g} ﬁydrides Division. Li%hium aluminum hydride solutions
in diethyl ether were pi'epéred as described breviouéljf.h Sodium 2luminum hydride

~

(1970) (k) E. C. Asnby, R. D. Schwartz, and B. . Jemes, Inorg. Chem. 9, 325,
1970). : - ]

was recrysiallized from diethyl ether - ‘.L’F mixtures.

Analytical Procedures. - Halogen analysis was carried out by the Volhard

method. Aluminum analysis was cerried out by titration with EDTA. Magnesium

analysis in the presenc: of aluminum was carried oui by masking the aluminum with

PRSI S
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was measured by hydrolyzin: 1 weiched sarmle on a hirh vacuum line and
transferring the gas to a c2librated bulb viz z T8pler puzp =2fter passiny the
gas through 2 liquid nitrogen trap.

Reaction of Tithium Aluminum Hvdride aud n-Butvl }Magnesiun Chloride in

Diethyl Eiher. - To k5.05 mmoles of iithium al-ninum bydride was added 150 =l

digthyl ether. To this s&lutic-n was added 28.71 ml of 'n-butyl' ragnesiuza chloride
in diethyl ether '{l: 5642 ). The solution was stirred over night at room
temperature. The solution was filtered and 1.4441 g—-s of 5olid isolated vhich
gavé on analysis: CL:7k.83, 12:2.93, AL:C.99. The clesr filirate gave the
focllowing analyéis: '!s'g“ﬁ.ltCl, 3.9-3.C2:G.1. 'Tne solution contained 953 of the
initial arzo»:mt éf msgnesium. The infrared specirum of the ﬁ.l‘rézé showed Ez2nis
at l'f55 cm-l {broad); 720 cm-l; X ::m-l (sh). 1In a zepzrate experirént the
solvent was removed from the £ilirate and the resulting sclid gave an intrared

; . - -1 R < -1 - . !
specirum with bands 2t 1760 ez = (brozd) and 720 o ~. The X-zay powder patiern

of the solid showed no lines for regnesium hydride. Wnen this solil was dissolved

0
ot

. - < . -3 .- -
in THF its xnfrared specirum Tave banis 2t 1700 om 5 790 o= 1, D3 o .

* =2

Reaction of sec-Buty: Pacnesium Cusoride and Lithium Alusinum Eviride in

Diethyl Ether. - To 1C rl s-butyl mzgmezium chloride in diethyl ether (2.%1 n)

oo

was added 14,19 ml of lithium alucinum hydride in diethyl ether (1.€9%1 z). fTre
solution was stirred over rignt. The solution was filtered ard 1.1532 7 of
solid was izodated. The £0lif con znalysis fave ¢ Z—L:'-;‘-.z:f:l rztin 0;:' .Gl (2. E2,
The amount of mecnesitm witn Io0lid represented €5
infrared spec“trum:of this solid skowed it to contain mamssim wydride. Analysis

of the solution gm3ve 2 Mg Al ravio of approximately 2.0:2.C,
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Reaction of sec-Butyl Magnesium Chloride and Sodium Aluminum Hydride

in Diethyl Ether. - To 10 ml s-butyl magnesium chloride (2.41 m) was added 100 ml

diethyl cther and 1.3605 pm sodium aluminum hydride. The solution was stirred
for‘two doys. The solution wag then filtered and the clear filtrate gave on
analysis a Mg:Al ratib of 1.0:1.67. The infrared spectrum of the filtrate
showed broad bands centered at 1780 cm'l and 720 cm‘l. The resulting solid
gave on analysis a Mg:Al:Cl ratio of 1.7:0.3:2.0. This represeuts 50.8%} of

the initial amount of magnesium. The infrared spectrum of the'solid showed it
to contain magnesium hydride. | :

Reaction of Sodium Aluminum Hydride and Methyl Magnesium Bromide. - To

11.79 mmoles of sodium aluminum hydride was added 20.68 ml of methyl magnes ium
bromide in diethyl ether (0.Z701 m). . he solution was stirred for two days

and filtered. The resulting clear filtrate gave on analysis a Mg;A; ratio of
1.0:2,12, The 4infrared spectrum of the filtrate gave weak bands at 710'cm-l‘and
615 cm'lf The resulting solid gave on analysis a Br:Mg:Al ratic of 2.0:0.9:1.0.
This represents 82.8% of the initial amount of magnesium. The infrared specﬁrum

of the sclid gave bands at 1680 cm'l (broad) and 710 cm'l (broad) and also bands:

corresponding to magnesium hydride.

Results and Discussion

In this paper we would like to repori the preliminary results which we
have obtained in our study of the reactions of Grignard reagents with alkali
| metal aluminum hydrideéo
n-Bulylmagnesium chloride was allowed to react with lithium aluminum

hydride in dicthyl cther at a mole ratio of 1'l. A solid was obtained by
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filtering the réaction mixture which ﬁés shown by elemental analysis and X-ray
poyder paiterns t~ be lithium chlorideQ Analysis of the filtrate gave a Mg:Al
ratio of 1.0:1.02 and'£he ambun£ of hagnesium in solution. represented 99% of" the
original magnesiume The infrared spectrum of the filtrate showed broad bands

at 1765 cm'l; 50 et ard a shoulder &t 680 em™ Y. No bands were observed in

the Mg-C stretching regioﬁ of 560-535 cm-lg ¥We have concluded therefore that the
alkyl g;oup is bonded to aluminun and not magnesium. The compound HMgAlHéR was
found to be soluble in diethyl ether and THF but insoluble in hydrocarbon<éolyents
such as octane. = 7

* Attempts to hydrogenate HMzAIH.R to HMgthu have not been successful..
- = - -
H2
HMgAlB3R -+ HMgAth

In the reaetivn of 1lithium aluminum hydride with sec-butyl magnesium

chloride in 1.0:1.0 molar ratio, a solid was obtained which was shown to contain

Tmagnesium hydridé. The Mg Al ratio in solution was found to be 2:3. Ir the

Yeaction of sodium aluminum hydfide with sec-butyl magnesium chloride similar

results were ob%ainéd., Tne infrared spectrum of the sclution zave broad bands

] 1

at 1780 em” and 720 em ~» The infrared spectrum of the solin- product showed it

te qqizfigz:iéﬁésium hydride. We had hoped to prepare mé%hyl ﬁagnesium aluminum
hydride by the regction?of sodivw 2luminum hydride with methyl magnesium bromide

in diethyl ether in order io look a* t: > NMR. However a s50lid was obtained from

this rezction which hed 2 Me-Al ratio of 0.9:1.0. . The infrared spectrum of the

solid gave broéd bands at 1650 cmfl gnd T1C cm"l and also bands corresponding to.

magnesium hydride.




97

The reactions of alkali metal aluminum hydridéé with Grignard reagents
do not seem to be straight forward. In some cases a compound of the empirical
formula HMgAngR was produced and in other cases magnesium hydride is the méjor
product. In our future studies of this system we intend to look at the effects

of solvent and ofAthe solubility of the alkalimetal haiide by-products as well

"as the effects of varying the alkyi group on the nature of the reaction product

produced. The two different reaction paths are proposed below.

Path 1
LiAJH, + n<BuMgCl - LiCl¥:+ n-BubAld,
s
: !’
HMgAng(n-Bu)
Path II
(a) LiAlH, + s-BugCl - Lol + s-BuligA1H),
m-fg;fxll%( s-Bu)
fi{
Y
1/2 MgHy + I-Ig[A1H3(s~Bu)]2
s () »
R $-BalzCl - Litl¥ + sBucAlEy, -~ HMgAlH,(s-Bu)
LiAlH, + 1l

s-Bujllg ~ MeH, + Lial(s-Bu) H,
-+

MgCl, - LiCN + CLMgAlH, + I-fg(’AJ}fa_ )2

It would azppear that running the reaction in Et. 0 rather than THF where

2

the Senlenk equilibraum lies furiner io RM™{ side would have the best chance

[ U grpeey

e
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_ of forming RMgAlHu. Such a compound would also have a better chance of stability

rather than disproportionation if the transformation is carried out in benzene

using Rng-NR3..5 — | ]

(5) E. C. Ashby and R. Reed, J. Org. Chem., 31, 965 (1966).

£ty W 2t

ped

Et,N ‘
s-BuCl + Mg W s-BuMzCl- NEt3

NRIPAIHIL + s-BubgCl. NE@B ELIH_) ’NRI}CJ_\» + S*B\)Mgﬁ-]_}{hs‘NEt

I

HighAlH, + CH o

3
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Concerning the Ereparaﬁion of HMgAlH) and HMgBHh
E. C. Ashby and R. D. Schwartz

Abstgact
Efforts to date to prepare hydridomagnesium aluninum Hydride and hydrido
magnesium borohydride ha&e resulted in physical mixtures of magnesium hydride
and magnesium 8luminum hydride or magnesium borshydride. Thé attemﬁts made so
Tar have included pyrolysis and hydrogenolysis of aliyl magnesium aluminum
hydride and alkyl magnesium borohydride and the reduction with sodium hydrléé

of chloromagnesium aiuminum hydride and chloromagnesium borohydridé.

Introduction )
The preparation of compounds of the type HMBHL and HMAlHL have been

investigated previously, In 1940 Burg and SchJ_.esingerl reported the preparation -

(1) A. B. Burg and H. I. Schlesinger, J. Am. Chem. Soc., 62, 3425 (19%0).

of HBeBHL°N(CH3)3 by borane extraction from Be(BHu)2 by trimethylamine.
+ 3 A - » N ’ -
Be(?BHh)e 2‘11(01{3 )3} HBeBH), N(CH3)3 + BH3II(,CH3),%_ (1)

In 1951 Schlesinger2 and coworkers reported that the addition of diethyl

(2) G. D. Barbaras, C. Dillard, A. E. Finholt, T. Wartik, K. E. Wilzpach,
and H. I. Schlesinger, J. Am. Chem. Soc., 73, 4585 (1951).

magnesium to a large excess of lithium aluminum hydside in diethyl ether followed

4
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by addition of benzene resulted in the precipitation of a solid with the empiriczl

formula ngAth. The compound was not characterized further.

i

LiAlH), + Mg(C )2

In this paper we wouid like to report on our attempts to date to prepare

and characterize HMYgAlH, and HMEH, .

Experimental Section

All operations were carried out either in a nitrogen filled glove box

3

equipped with a recirculating system to remove oxygen and water or at the

- (3) T. I. trown, D« W. Dickerhoof, D. A. Bafus and G. L. Iprgan, Rev.
Sei. Instrum., 33, o1 (1962)

bench using typical Schlenk tube techhiques. All pglassware was flash flamed
and flushed with nitrogen prior to use.

Instrumentation. - Infrared spactra wers obtained using a Perkin Elmer

model 621'HighiResolLtion Infrared Spectrophotometer. Cesium iodide cells were
used.

X-ray pouder ﬂiffractlonibatterns were run asing é Debye-Scherrer camera
of l;h.é rm diameter using CuKa (3.540 A) radiation with a nickel filter. Sing}e
walled capillaries of OfS mm diameter were used. THese were filled in the dry
béx and sealed with a microburner. V

Reagents. - Tetrshydrofuran and benzene (Fisher Certifiqureagent) were
distilled over sodium aluminum hydride immediately pr r tq»use. Diethyl ether

(Pisher Certified reagent) was distilled over lithium aluminum hydride
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ihmediatély prior fo use.

Mercuric halides (Baker Analyzed) were dried under vacuum and used with-

out further purification. 7Tfiply sublimed magnesium was obtained from Dow .

Chgmical Co. It was washed with diethyl ether and dried under vacuum priér
to use.

Lithium and sodium aluminum hydrade, sodium hydride (57% suspension inr
mineral oil) and sodium borohydride were obtained from Ventrun Hetal Hydrides
Division. ‘

lMagnesium aluminum hﬁdride, chloromagnesium aluminum hydride, icdomagnesium

aluminum hydride ané magnesium halide were prepared as dsseribed previously.h

() E. C. Askby, R. D. Schwartz and B. D. James, inorg. Chem., 9, 325 (1970).

Aqglyt?cal Procgdures. - Halogen analysis was carried out by the Volhard
method. Aluminum and magnesium analyses were carried out by titration with EDTA.
Yagnesium anzlysis in the ;resence of aluminum wés>c§rrieé out by masking the
aluminum with triethancl amine. Lithium analysis was carried oué by flame
photométéy. Hydridic hydrogen was analyzed by hydrolyzing»a weighed sampleAgf

the compound on a high vacwum line and transferring the gas to 2 calibrated ™

bulb via a Topler puﬁp after passing the gas through 2 liguad pitrogen trap.

Preparation of Lithium Hydride. - To an autoclave (300 ml chambe;) was .
added 150 ml of t-bunyl lithium in pentane. The sutozlave was then pressurized
to 300C psi and allowed To stir over nlgh; at room t;mperature. Thevresulting
solutidn was not filtered and the white solid obiained was not allowed te beccme
dry. The supernatant liquid showed no activiry a.d the enalysis of the solid

as a zlurry in pentane gave a lithium to hydroger retio of 1.0 1.0.

O O VAR S
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~ Preparaiion of Ethyl and sec-Butyl Magnesium Borchydride. - Ethyl

megnesium borohydride was prepared as described previoqsly.5 In the preparation

(5} W. E. Becker amd E. C. Ashby, Inorg. Chem., k4, 1816 (1965).

E " ) of sec-butyl mzgnesium berohydride 2.41 gm of sodium borohydride was added to 50 ml

of sec-butyl magnesium chloride in Et20 (1.99 m). This wss diluted with 50 ml

of dievhyl ether. The solution was stirred for two days. The solution was

filtered and the analysi-< af the filtrate gave a Mg:Cl ratio of 1.0:0.02. ‘The

1 1

infrared spectrum of the solution gave bands at 2420 cm —; 2220 em™t and 535 em .

Preparation of n-Butyl lagnesium Aluminum Hydride. - To 45.06 mmole of

lithium aluminum nydride was added 150 mi;of diethyl ether. To this was added

28.71 ml of n-butyl msgnesium chloride in diethyl ether (1.5642 m). The solution

was stirred over night a2t roomftempe;ature. The solgiibn was filtered and the
E - filtrate gave the followzng analysis: Ig:A1l:C1l; 1.0:1.02:0.2. The infrared

spectrum of the filtrate gave bands at 1765 em — (broad); 780 cm-l; 680 cn™t (sh).

% ggacyionfgf Soééum Hydride and Chloromagnesiug‘ﬂydxide in EetrahydrofUran; -
— To 50 ﬁl of chlogomagneéiuy aluminum hydride in THF (0.2056 m) was added k54.5

é' mg sodium hydride (575 Gispercion in mineral oil). The solution was stirred for
two days. The solution was then filtﬂred and the filtrate gave on analysis g

Cl/rg/AL ratio of Q.O:laé:lgegg From the filtration was isolated 1.9601 gm
o

of solid. The infrared spectrum of the solid zave bands at 1725 cm-l; 1025 cm

-

R | - -
975 em T3 79U om 1; TE3 em ‘, The X-.oy powder pattern of the solid gave lines

correstonding to sodium chloride, macnesium aluminu . hyaride and magresium bviride.
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Rearction of Sodium Hvdride and LﬁanSJnm Aluminum Hycrla‘»ln Lgurehjdro-

furan. - 7o 75 ml of THF wac added 4. 3028 gm of L"(Ath) -WTHF and 677.7 mg of

sodinm hvﬁr‘de (57 dispers:on 6 mineral oil). The solution wezs stirred fcr»

two days  The solution was letered snd the filtrate contained aluminum but no

magnesinm  The zmount of alumiaam in solution correspanded tovtbe amount cof

sodium hydride added The infrared spevtrum of the filtrate aho:ed bands at

157 cm’1 and 772 c“'l Thue solid rezulting from the filtration gave an infrared
3 .

. S - . =i . -1
sgectrum with bands at 172% em “. 1025 em ~, 795 em 3 745 cm

Reaectiorn of Lithium Hydride zac Icdomzpnes’um alumanum Hydride in

Diethyl Ether - To iodoragnesidm aiumanum nydeide was added excess lithium

hydride 2s 2 slurry in pentanc. The solution wag siirred for several days.

The selubtion was filtered and the analysis of the filtrate gave an L:ilg:Al ratio

of 1 52.06.C 1 CO. fThe infrared speztrum of the solution showed banﬁs at

175 cm L and 760 em T, The soizd obtasned from the fiitration gave an infrared

spectrur: 2nd an X-ray powder psitern corresponding to magnesium hydride

Rezction of Sodium Hydride and Chloromzenesium Bordhydride in Tetra-

hgdrofur%n - o k5 miof ciloromarme s%ﬁr~borohydrlde ir THF (C.4EET m) wes

F added 1-9254 zm of sodium hydride (5T) dispersion in mineral ox1l). The solution
was stirred for two days. It w.s thew filtered. The iﬁﬁrare sp trum of the
fiitrate sgowed no bands other tharn THE. The X-ray oo wder pattern of the solig
resulting from *he filtrztion gave l.nes corresponding to sodium chloride, sodium
boﬁohyﬁride and mﬁgnesium hydriae, Thcifﬁ?férea spectrum of the zolid gave

bands corrzspondins {0 sodiun horshyar:de and mzomesium hyvdrd

ris
-td
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Pyrolysisz of n-Butyl Farmesiwr alumirnm Hydride. - Te 10C ml of lirht

mineral o1l (dried over soulum wire) wus 3dded 25 ml of n-vutyl mermesium 2luminum

redy it
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hydride in diethyl ether (C.3h m). The ether was stripped off and the n-butyl
magnesium aluminum hydride was insolulle in the mineral oil. The mineral oil
was then heated to 80° under vacuum for several hours. At the end of»this time
the reaction was cooled and filtered and washed with beqzene._ The solid

1

obtained gave an infrared spectrum with bands at 1860 emt (sh); 1745 cem

1700 em L (sn); 920 em L ana 715 em . The analysis of the product gave a
H/Butare/Mg ratio of 4.17-1.0:1.0.

Pyrolysis of Ethyl Magnesium Borohydride. - The solvent was removed from

25 ml 6f-ethyl magnesium borohydride in THF (2;5 m) and to the resulting oil was
added 100 ml of heavy miheral oil. The ethyl magnesivm borchydrade was missible

in the mineral 0il. The solution was then heated slowly to a tamperature of 170°C
with an qil bath. A% this temperaturé 3 ga$ was given off and a solid was formed.
After two hours the soluticn was allowed o cool To roém temperature. The

solution was filtered and tﬁe soiid obtained was washed with benzene. :The analysis
of the’sglid gave a ¥z.H ratio of 1.0:3.74 and no ethane. The infrared spectrum

of the solid showed vands for magnesium hydride and some bands at 2270 cm—l*with

a shoulder at 2380 gm-l, The X-ray powder pattern shcged strong lines corcresponding
€0 magresium hydride and sﬁme other wezk lines. |

Pyrolysic of sec-Butyl Magresium Borohydride. - The diethyl ether wac

removed from 25 ml of a s-buatyl magnesium borohydride solution (0.2040 m) and to
the resulting o1l was added 1(Q ml octane. The solution wés heated to 80°C
under vacuum. The solution was Jooled and filtered and the solid obtained gave
lines for magnesium hydride znd soiwe other lines, 1In a separate experiment
s-butyl magnesium toronydride was heated to 1C5°C under vacuum in heavy mineral

oil. A yellow oil was ovtained whach was not characterized further.
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hydrice only. The weirnt of the solid corresponds 1o z nearly guen

TITRCY

: : : 105

Hydrogenolysis of n;Butyi Mag~esium Alumanum Hydride in Diethyl Ether. -

To 35 ml of n-butyl magnesium aluminum hyiriie was added 65 mi diéthyl ether.
This solution was placed in the autoéléve (3C0 ml chamber). The sample was
pressurized to 3CCO psi and stirred at 25°C over nisht. wae?er nb reaction
took plaze. The autoclave was repressurized “o 3CCO psi and stirred at 50°C
over nirht. A white s0lid was obtained from this reaction. The solution was
Tiltered and the filirzie gévc on znalysis a Al ratio of l‘0f2'33- The
infrarei spectrum of the filtra*e cave bands at 570 cm-l and =z ghoulder at .
76O cm-l. The g Ersy solid obt sined Prom the filtration gave on analysis a
MgiAl:H ratio of 1.C:C.3-2, 63 The in 'ared specinum of the solid corresponded

to mavnesium hydride. The X-rag powder pattern gave llnus corre.aponumb to

magnesium hydride and alsc some other lines:

Hydrogenolysis of sec-Butyl lzgnesium Borah"arlae - To 75 »l diethyl
3 X J C ¥

ether in the autoclave was zdded 25 ml of z-butyl marnesium borohydride in

ether (0 612k m). The autozlare wzs pre zed t5 2(CC psi and the solubion

stirred over nighi ax

ot

25 °c. Ilo regetion was ohserved. The auloclave was

+he solutio

“l

repressurized to 3CCC psi znd tirred a3 5C€°C over nirht. The

ol
(2]

Poa

solution was filtered zrod the Infrazred spesetrum of the filtrate gave bands at
-1 . . -1 e . .
2&50 om 3 222C em 3 and SiC om ¢ (sh). The infrared spectrum of the white

solid corresponded o magnesium hydride. [0 bands were observed between 2000-
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vield of magnesium hydride,
& similar ox_evimernt was ron with tonzeng as tne 2olvent The resulis
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Anfrared spectrum corresponding to magnesium hydride and bands in the infrared

spectrum of the filtrate at 2450 em™ and 2220 cm™ L.

Results and Discussion

The reactions employed in the attempt to prepare HMgAlHu or HMgBHu-can
be divided into three general categories. The first is the reduction of a
compound of empiriqal formula ClMgAlHu.or ClMgBHu by & chemical source of
hydride ion (eg. NaH). The second methoa is the pyrolysis in some diluent of |
a cdmpduﬁd Qifh éhe”empirical formula RMéAth or RMgBHh. The third method is the
high ;ressure hydrogenation of RMgAth cf RMgBHu in the autoclave.

With reference to the first case, sodium hydride was allowed to react with
chloromagnesium aluminum hydride in THF at a molar ratio of l:l.‘ Aftervtwo;days
the solution was filtered. The elemental analysis of the filtraﬁé gave é Cl:Mg:Al
ratio of 0,0:1.0:1.88. The solid isolated by this filtration had an infrared

spectrum with bands at 1725 em™ ¥, 1025 cm'l, 975 cm'l, 790 em™ and 745 em™t

.corresponding to Mg(AlHu) *4THF. The X-ray powder pattern of the solid confirmed

>
that_.it was a physical mixture of sodium chloride, magnesium hydride and magnesium
aluminum hydride. When sodium hydride was added in excess to chloromagnesium
aluminum hydride, the infrared spectrum of the filtrate showed sodium aluminum
hydride to be present in the solution. The golid resulting from this was a
mixture of sodium chloride and magnesium hydride. It wasAfelt thét the formation
of sodium aluminum hydride was the result of alane abstraction from magnesium-
aluminum hydride by sodium hydride. To test this sodium hydride was allowéd to
reasct with magnesium aluminum hydride in THF in a molar ratio of 1:l. The

quantitative formation of sodium aluminum hydride (based on sodium hydride)

1
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“recsulted. The solid product was o physical mixture of magnesium hydride and

magnesium aluminum hydride. The conclusion here is that HMgalH, disproportionates

i
in THF.
! _ NaH + CIMgAlH, ~ NaCly + HMpAIH, (3)
I—-E-aﬁ) MgH, ¥+ NeAlH,
NaH + Mg(AlH),), -TSL>  NemlH, + HMPALH, oy
I—--—> 1/2 gt b+ Mg(ALH,) N

Lithium hydride wac odded 1n cxeecs as o pentane sluiry to lodomagnesium
aluminumwhydride in diethyl cther. The solution was filtered after severe’. days
r and the elemental analysis of the filtrate ave an I:Mg:Al ratio of 1.52:0.0:1.0.

The .infrared spectrum of the filtrate rave bands at 1740 and T60 cmfl corresponding

i to lithium aluminum hydride. The infrared spectrum and X-ray powder pattern of

the solid corresponded to magnesium hydride. We intend to run this reaction in
a one:icne molar ratio to prepare HM7ALH, in the hopes that it will be stable

toward disproportionation in diethyl ether.

LIH ¢ IMALH,  —-—%- > Lt o+ HMAI Y (7) (5)
(coluble) (insoluble) N

LI

e e e A s

Sodium hydride in excess was allowed to react with chloromapgnesium

o borohydride in THF. The reculting solid woe ghown by X-ray powder patterns to

be a mixture of scodium chloride, sodium borchydride and magnesium hydride.

Best Available Copy -
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NaH (excess) + C1MzBH), Ji: RN NaCl + NaBH) + M{:,H2 (6)

” In the pyrolysis experiments n-butylmagnesium aluminum hydride as the

diethyl etherate was suspended in light mineral oil. This slurry was heated

;under vacuum to 80°C for several hours however only unreacted starting material

' was recovered. Similar results were obtained in octane solution.

Ethylmagnesium borohydride was obtained as the THF solvate and waé
dissolved in 100 ml of heavy mineral oil. This solution was heated slowly to

a temperature of 170°. At this point a gas was evolved and a solid formed.

The solid obtained was filtered and washed with benzene. Eleménfal analysis

gaQe a.Mg:H ratio of 1.0:3.54 with no ethane. The infrared spectrum of the solid
gave bands ét 2270 and 2380 cm'l. The.X-ray powder pattern showed strong lines |
for magnésium hydride and some other weak lines.

Thg pyrolysis of sec-butylmagnesium borohydride was attempted since the
sec-butyl group could be removed at a lower temperature. Sec—butylmagnésium ,
borohydride as the diethyl ether solvate was dissolved in octane and heated to
86°C under vacuum. A solid was obtained which lines in the X-ray powder pattern
corresponded to magnesium hydride plus some other 1ines.’

.“ The~hydrogenolysi§ of n-butylmagnesium aluminum hydride iﬁ diethyl
ethef yééléafried out at 3000 psi hydropgen and 50°C. The solution was filtered
and the elemental analysis of the Filtrate gave a Mg:Al ratio of 1.0:2.33+
The infraréd spectrum of the filtrate iave gands in the Al-C stretching region
at 670 om™) and o shoulder o 00 om™, No bands were observed inhthé:AiFﬁ»7F“
stretching regiou; The solid obtalned from this filﬂféfion gave on analysis

a Mi:Al:l rgtio of 1w0:0,3:7,63. The infrared spectrum of the solid corresponded

Best Availab.c
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tc magnesium hydride and no bands in the Al-H stretching regionrwgre ~bserved.
The X-ray powder pattern corresponded to magnesium hydridé. It is nos clear what
is happening in this reaction. From hydrogenation 2? a‘RMgAlHL compound one
would have expected to find at least a mixture cf Méﬁz and‘Mg(AlHL)a. However
while the Mgl was detected no Mg(AlH‘h)2 was fownd. The other prpéucts f&pnd
may have been ether cleavage products although the conditions seem too ‘mild for
this. - )
The resulis of the . hydrogenolysis of sec-butylmagnesium bo;ohydride in
both diechyl ether and benzene are straight forward. Thg golid obtainhed from
this reaction in diethyl ethef had an iﬁf?aréd spectrum correspénaing to magnesium
hydride, no bands in the boron-hydrogen stretching region were observed. 7§he
X-ray powder rattern gave strong lines corresponding %o,maénesium hydrice and no.
other lines. The weight of the s<lid obtained correspo.ds to a qp;ntitative
yield of megnesium hydride. Tﬁe filtrate fromithié }eaction gave infraréﬁ bands

1 .

at 2450 e * and 2220 em corresponding to a Mg(Bﬁh)z species.

H
B(s-Bugn,) ~%> Mg + Me(E), + O, (7:

When thé reaction was »un in benzene similar results were obtained.A-That is,
a solid consisting of magnesium hydridé and magmesium boréhydride i51501ﬁtion.
Althéugh the nature of the sec-butyl magnesium éoroﬁydriée in solufion
is not xnown, it ié‘clear that hydrogenolysis of this cbmpound does not produc:
hﬁdridomagnesium boronydride but a mixture of magnesaum hydride and magnesium

bordhydride. This result algo establishes the point that magnesium hydride




and:magnesium beronydride will not redisiribute in solution to yield hydrido-
“magnesium berohydride.

Further work is in progress.
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Concerning the Preparation of Mg(Ath)(BHh) and MMg(Ath)3y

E. C. Ashby and R. D. Schwartz -o-

Abstract
The reactions of sodium aluminum hydride with chloromagnesium boroﬁydride
and of sodium borohydride with chlorem :nesium aluminum hydride in THF produced
mixtures of megnesium aluminum hydride and magnesium borohydride. Magnesium
a2luminum hydride and magnesium borohydride were found not to redistribute in
THF or benzene. Trioctylpropylammonium asuminum hydride rea;ted with mﬁgnesiuﬁ
aluminum hydride in refluxing benzene to yield a solid which proved tc be

magnesium hydride,

Introduction -

. » ; 1 .
_ Unsymmetrical magnesium compounds are of course well krown.™ Some of ow?

(1) G. E. Coates, ¥ _L. H. Green, K. Wade, "Organometailic Compounas,
Vol. I, Iﬁtnuen and Co. [td. London, 195{, p. T6.

;ﬂork2 has’ "IZforded us- compownds vwhich would e the obvious precursors o Mg(Ath)BHL.

(2) E. €. . <bby, R. D. Sclwartz and B. L. James, Inorg. Chem,,'g, 325 (1970).

We therefor: determined .o examine the posgitilitjes of preparing this comgpund;

3

Recently Rice and Ehrlich” reporied the preparation of Iithium beryllium

(3) G. Rice and R. Enrlich, U. S. Patent 3,383,157 (1958),

i
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gluminum hydride [LiBe(AlBh) }J.  We have examined the possibility,of preparing

the compound hMg(qu,) where M is lithium, sodium oF tetraalkylammonium.

Experimental Section

All operations were cavrried out either in a nitrogen filled glove box

equipped with a recirculating system to remove oxygenrand waterh or on the

(&) 7. L. Brown, D. W. Dickerhoof, D. A. Bafus and G. L. Yorgan. Rev.
Sei. Imstrum., 33, o1 (1962).

—

bench using typical Schlenk tube techniques. All glassware was flash flamed
and fluéhed:with nitrogen prior to use.

Instrumentation. - Infrared cpectra were oktazined using a Perkin Elmer model 621

High Resolution Infrared Spectrophotometer. Cesium'iodide cells wére used.
Spectra of solids were obtained in nujoi which had been dried over sodium wire
ard stored in a dry box. T B

X-ray powier diffraction patterns were run using a Debye-séherrer camera
of’iih.6 mn diameter using Cuk (1.5708) rediation with a nickel filier.. Single

walled czpillsries of ©,5 mm diameter were uced. These were filled in the dry

btox and sezled with a microburner.
Reagents. - Tetrabyirofafgn and benzene (Fisher Certified reagent) were distilled

over sodiun azluminum hydrids iriéliately before use,

_ Mercaris halidzs (Baker Anairzed) were drisd under vzoaum a2nd used without

further purifizativsa. Triply sublimed m,anvu was ovtzined from Dow Chemzcal

Co. ‘It was washned with dietnyl etter »ud dried urd** vacuum prior to use.
_Sodium siumirom hydride and sodivm barjn?uvxue were obrained from

Venrron ietal q“d rices Divasion-  Thc magneszum haiiies, magnesium £luminum
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hyﬂzide ‘anad chlommagneswm alummm rydride w&z‘e prepared as describeé

2
'onevmusly.

<

Tri- n-octyl-n-pz‘ovyl ammnmm dlumimm h:,r‘ﬂzde wzs alsc prepared as

descz‘:.bed previously 5

f(5) R. Ehr 1éh; A. R. Younz, and

Analytxcal PfO“‘edu&‘Qov - Haloe'en ar.aly S was

Almainum analysis @a:.

in the p}:esence of altm:.num was cvarried ow by ..aafklrg the alummum !ﬁth

tnethanol shine and thrat"“f

measu‘ed by hyurolyzm,; 8 ﬁexbhea sampln on

. DT Perry,

,prie& out »1}3{ ti;rati’én’wiih Eﬁi‘&i* l«:eg'n sium analysis R

the znagneemm wnb ED‘T‘A. -

{.

(]

L, 758 (1965).

Inorgo ChEmo »

|: ‘)

carried. g_;ft. by the Volhard- method

Kydriuic hy:ggogen was.

.;1;-_5*1 vacﬁum Iine sni tzéizsfe;ring )

the gas to & cah‘c-rafed bmb vis & fapler puzr.o after pasemg the gas through a-

&

1iqu1d niﬂ'o*&v; ’Evap.

€ z

‘r&egratmn of Chl:aromrneei

< -

l'l

of magnes:.m chloride in TziF \{x 4;42 "}

-

HRS

hydmde.‘ The eo:im;mp. wEs sz;r‘ ed for
_and ‘che_fﬂtrajieémlyzfe

-

Mz:Cl ratio in solut:ion of L.COrL.GW

&)

N 5 - - -1‘
s 8t 2175 ara 2380 omo

-

“showed bond

(5‘)vuo L- Ee&.-v

¥

SVl
I &yl

P"ena“a*:zon of #::ne ium f—or

k}f*ohvérme in Tet h:?dm:‘zman. - T6 118.5 El

%o geys,.
r meznesimwe and chloride,

_The imirsred spectrum of the solution:’

sdded 2.5585 m of sodix.m aom-

The solution ‘was then filtered

This enalvsiz gave &

s

chloride in THF (b-“*f

Ll
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gave u Mg:Cl ratio of 1.0:0.15. Tﬁe infrared spectrum of the solution gave
vands at 2175 and 2380 cm-l.

keaction of Sodlqm Eg’::.":'}'n'dr.mfs and Chloromagne ium Alummum Hydride in

Tetrahydrofuran. - To 75 ml of cnloromagnesxm aluminum hydrid: in THF ‘{0.2; 056 m)

was added 0.8348 gm of sodium borohydride. The soluiion was stirred for two days.
The solution was filtered and the analysas of the filtrate fave a I"r"él CI ratio
£ 2.43:1.0:0.3. The infrared spectrum of the solution showed ‘bands at 2380 cm—l,

- -1 - -1
2175 em 1 and 1725 em =, 755 om 1 and 795 @m 1. 2.8591 gm of solid were recovered.

- Analysis of the solid gave a Mgz:Al:Cl:H ratio of 1.0:_1.7‘5:2,,11:10. The infrared

spectrum-of the solid showed a rand at 1725 cm-l.

Reach.on of oodmm Alan'lrmm Hy&rlde una Chloromames ium Bornhydrz.de in

Tetrahydrofuranv. - To 5¢ ml of c¢hloromagnesium borohydride in THF {0.4887 m)

was added 20.72 ml of sodium aluminum hydride (1. 179 m) in THF. The solution

was stirred over night. The solution wus filtered and ‘the analysic of the

fPiltrate gave a Bz:a):Cl ratio of 1.¢:0.37:0.26. The infrared specirum of the

£

solution cava tands at 2380 cm'l, FT5 en 1720 cm-l. ‘795 et and 55 _—

A white solid from the f:.lt"a:;uw gave on ﬂnalysz.; a #zial 101 ratic.of 1.0:1.55: 1.88.

‘me mfrared spectrum of the solid gave bands at 1725 c;zz_ s 1025 cm- , 870 cm-l,

795 cm ax:m 745 em 1, T

Peaction of [arnesium Eovom'dr;de an:i ’%gneszm Alhmmum H"ir ide in 'IPtra‘;yorof’urap. -

T—

 To 20 ml of msonesiue hershrdride in “THF (.34 m) was 2dded L.2843 om of

(Al ) “LTHF ard th2 solutaos wi? srireed f
of the soluiion showed Tanis &% 2300 o~ 2nd 2175 om ° with 3 wesk band st

-1
172C .
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Readiion of Magnesaum Bcrohy_dr"ide and Magnesi-am V'A‘lvminum Hydride in Benzene. - :

To 25 ml of .magnesium ‘borohydride as the THF ett{efate in bvenzene (0. 3l ;4) was 7 _
added 1. iyl gm of Mg(AlHk) 2-&?1?}{?. The solution wagz stirred for %wo__ dsys. _'I'ﬁ'ef
infrared spectrum of the solution shoued bands at 2380 ci L and 2175 em .

*Reaction of ‘rl—n-oc*yl-n-prop r1 Amzomum A.ummm E_ixdrzde and i’agﬁesmm

Aluminum Hydride in Tetrah&ﬁrofuran. - To £5.82 ml Df»ﬁ—f}’:is‘n-l’r!fmlhg (0.1353 m)

was added 2 333) gm of Nv(ﬁl}{ ) ~4THF- The salution ;{as stirres for two daysv

:dnd fxltprea. Analysis ol the fi.‘urate showed no magnesium in sb‘lution. The

N

'f frarpd ‘spectrum of the f‘llt.ate was unf'hanbc-d “ro::x ﬁhe original solution.. The

analysis of ;he solid obtained from zhe lecrai".ion gave a Mz:Al ;_'atio of 1.0:1.96,

Resction of Ixi—:n»;(;c‘zj;lon-—l’ronyl Aﬁﬁomw klvminum Hydride and %ﬁg;nes—im A" .nm,imn'

: Hx&i&e in Benzene ~ To 2.0560 gxm of magrnesium a’immum h"and° was added 75 ml

of n—Octs-n—Pﬂ%&th in vencene (0.2 m}. Ihe so,. 16:": was stirrad for-two days

. at room temperature. Afier z_ttu lee *he i:,f{rarea. spectrum of the solution was

the same as If was at the s-art of the resciione The. s;:;ution vwas then _;efiuxed

:d?er' n;ght,. _—,"'he infrared spectrum was s%ill not changed. The solution was now
ﬁl_ev-ed and the f lirate waf shown by anaiysis not 1¢ ~oniain megnesium. hjct‘

the filtration was 1solared C. 136§ om of polid. The mi’ red spectrum of this

-solid show ro tands corresporndins o Al-H te,.i a0 have troed ’fe 1z reseskling

mxme:itm hvdride. 1he X-rzy powder pzviern of ‘.Ezé solad showed lines due to

CEEEGE3lN hpdride. : o - . -

=
R’ca,-l e

The compouna chioromasmesity sl.mufes hydrizs obizinsd from previous 'eork

seemsd the clvitus precursor te tne ~omnosuna ¥Mo(AIH M(EH }. Iherefore to a THF
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solution of PlMgAlHu W3 g ugdud NuhHu In one to one stoichiometry.
NuBHu + ClMgAlH“ -%f) BHhMgAlHu + NaCl (1)

A white solid.was obtuined from this resction which proved to be a mixture of:lj

sodium chloride and ﬁagucsjum alumimun hydride. The infrared spectfﬁm aﬁd

elemertal unalycls showed that the solut 1on contained magnesium borohydride.
Chloromagnesium horohydride has teen found to be monomeric in refluxing

; THF.Q T we assume.that it ig¢ still monomeric at 25°C then the additiqn of

'

sodium 4luminum hyaride to chloromagncsium borohydride should yield Mg(AiHu)(BHu)-

C1MgBH) + NaAlH) —#>  BH) MgAlH, + NaCl (2)

However this:feﬁction afforded a solid containing sddium chloride and magq?sium
aluminum hydride léaving magnesium borohydride in solution. 1TIn a separate
experiment magnesium alumioum hydride ind magnesium borohydride which had beén
.é syntheszized independently were found not to redistribute in either THF or benzene
solution. Tt therefore seems reasonabls to assume that Mg(A1H), ) (BH) ) when

. ]

formed disproportionates to magnesium aluminum hydride and magnesium borohydride.
B

-

(e Meain,) = (b)), 4 Mg(AIR,) (3)

[

in 1968 Rice and Ehrlich reported the preparation of lithium’ber?lliuma
alumireim hyvdrade [IJB@(AlHu)%J by the addition of excess lithium aluminum hydride

bo teryilium chlorides Troethylamine was tnen sdded and over a period of seven

e - Best Available Copy
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days the LiBe(AlHu)3 precipituted from solution. 1In our studiesa of the reaction
of_ulkali metal aluminum hydrides with magnesium halides in ether solvents we

examined the reactions where the alkuzlimetal aluminum hydride was added in excess.

I3

However, we were not able Lo isolate s complex of the type MMg(AlHu)3.f Instead

- .

"~ the »olid product contained a physical mixture of the alkali metal halide and

mignesium aluminum hydride and the excess aikali metal aluminum hydride remained

in volution.
n(MAIH ) + Meg(ALH)), —A£> M Mg(Ald,),, ()

It was thought that perhaps a large calion would stabilize the complex
[Mmg(AlHu)gj. Trioctylpropylammonium aluminum hydride therefore was mixed with
magnesium aiuminum hydride in THF. However, after stirring for several days
only unreucted starting materials were recovered. A similar experiment was.
performed in benzene. This was stirred at rocm temperature for two days after
which time no resction was detected. The solution was then refluxed over night.
No magnesium was detected in solvtion however the weight of the s6lid had been

reduced considerably. The infrared spectrum of the solid showed no bands in

o

the Al-H stretching region. TInstead it corresponded to a spectrum of magnesium
hydride. Thé X-ray powder patrern of the solid confirmed this and showed lines
corresponding to magnesium hydride. The infraced spectrum of the final‘s@luﬁién
was however unchande from that of the original solution of the triécﬁ&lpropyl-

ammonium aluminum hydride. We are currently continuing the study of this reaction.

WAL, Me(aL )b o e s MR A A (7)) (5)

Best Available Copy *



" initial product was found. The insolubie BeH
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Concerning the PreparUL}on of Beryilium Aluminum Hydride. A Study of the
Reactions of Lithium Aluminum Hydride and Sodium Hydride with

Beryllium Chloride in Diethyl Ether and Tetrahydrofuran.
R. Sanders and E. C. Ashby

Abstract
_Contrary to‘prévious reports beryllium aluminum hydride [Be(Ath)z]
could not be prepared from the reaction of either sodium- or lithium aluminum
hydride with beryllium chloride in diethyl ether or tetrahydrofuran. Lithium

aluminum hydride and BeCl, in 2:1 ratio were found to react in diethyl ether

2

according to“equation (1).

2LiAlH) + BeCl, =~ BeHjp + 2LiCL¥ + 2A1H, (1)

2

In 1:1 ratio in diethyl ether, evidence has been found for the reaction scheme

i

shown in equations' (2) and (3).

e

LiAlH, + BeCl, =~ 1/2 BeH¥+ LiCW¥ + AlH, + 1/2 BeCl, (2)

2 3

- -~ -
BeCl, + AlH, HBeCl + CIALH, (3)
In tetrahydrofuran, both LiL1H) and NaAlH,, in 2:1 ratio with Becle, appear
to react according to equations (%) and (3). No evidence for Be(AlHu)2 as an
s product of equation (4) was
partially dissolved on prolonscd stirring of the solution; however, the soluble

Best Available Copy
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SNSALH, f I AlH, 4 bl e 2NsCLd ' (&)

‘

CLIALH, U1, 0 AL+ [ADICLeBeH,,) (5)

product waiy contamireated bty tetrahvidroturan cleavage products. The data for

(N

Teact Jugg of IJAIH“ or NuARHh'wxfh Bet!l am il ratio in tetrahydrofuran support

the devcriptlone shown 1n egaat 1ons () and (')
DIALH, ¢+ BeCl, = ALH 4 HEeOD 4 LiCL - (6)

- Naddl), ¢ bl = ALH, + HECCL ¢ NaCLV (7)

Tntrod e tion

There 1o very Jivle pab bishea diteratars which deflnes the pr‘oduﬂcts :

e

of the reaction of compleX meta]l hvdrides of aluminum such as LiAth or NaAth

with teryiiium halides 1o €ther soiven o Tn 1951 Witerg and Bauer™ reported

(1) Eo Watierg, ke Bawr, 4o Naturte, £t 171 (1951).

-

[TTyT SN .-, -

Lt the re-action of !iAiH“ with Bedll  in aiethyl ether proceeds as shown in
B WERIN RS ("ﬂ o oyielt teryvitiam wlaminoam hvaride PC(ALHM)R and LiCl. The

Jrec it te LI was reporten Yo o prooipitate from soiution leaving dissolved

Be(AlH,‘); Wnich was recoverd Ly removael of solvent.

CUIAIH, bt e (AL, L (8)

Best Available Copy
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¥ood and mera ’eﬁ?"teﬁtlﬁ* metastahle solutions of Be(AIN ),

S

(2) Ge B’ m,_ A. grenﬁélf,\;i; E.lef.'t'FGChe‘o ,SDCQ, 1@,‘,29 (195’[5),

could be preparsd by com-,mmg iismz. and Bell, in 2:1 i-atio in dfethyl ether.
: = It ws repm'ted that a white precszfa*e formed ard was firaered Trom tbe

solution leaving a £1X traf having the s lemental analysis, ‘Be/ﬁl/ﬁ =- 7
- 1.(!/1.82/9..:, inﬁxmhns the }wesenee of &(ﬁ%) in solution. f?he product

: *‘Bas said w0 decomse withm few‘hoyrs at the bqiling poiut of ether;. hoiever-

it ‘vas stable for several déy‘ at tefmex"xturés below 10’.;. ‘me somtion eoulu
be stabilized by *he aﬂditiov of _Be€'12 or A1013 The absence of data ether t!nn

; analygis 1eaves this pmdtrt poouy described‘ The decoqositiun produets were

Tz

(w2l
N

" not charactenzesi. .

: o other work’, the reaction of mmh and BeCl, in 2.1 ratic in dfethyl L :
“-ether uas beeh sima Eo yieid 8, precxp;tate of Licl and Be}Iz, ieaving AlH; in ‘ i
solutfon. T : e

, (35 C. E. Holley; J. . I.euons, The . ] més of : o
Megnesium and Be juim Ioé m\; Scientific laboratory aeport, - s
April 1, 1954, . » ~ . . g
— - S ¢ T ) c : : . .
H Related to the work sbove is £he Teported Preparation of Line(AlR, ), -
whi@ has been described in 4 re@ent paten* l" This eomound woE p:fepred T)yf e
LT “(b) G. Rice, ji. Enrlich, Us . Patent 3,383,187, May 14, 1963.
° . the addition of LiAlH, in diethyl ether to-a slufry of BeCl, in a mixture of
< ) e l ' K .

C R t




eiher and: he‘ané, af.'rc@é¥§wratm,: in 2:} ratia.f mte pecigihtien - -

resulted srd the prmzpiiateﬁ solid was remved as soon as the mﬁimtion of o
te&gen:.a was csmple de- After addition of tneﬂ:ylanme to me ﬁltrate, e
sodd havirg tre -@;r;ca; formula uﬁe{AI}{b} precipx‘:a‘ed over & period of o
seven day.. The yield x & cai. 5 per cent tased on BeCl . The mm& T
charsc?enzﬂd 3 y e’tmvx*ai ahah*s.;s a*sa qna*at*ez. tie X-ray powdetdimlction
pattern. An exp}aratxsr af the resultls ciaise;x in this work: my be forlxhted

(gg&t:‘ion 9j baséd ou the results reported in prior srt. If BeIa.lI‘ ) were

<

. ab - . - . = . ' T
N - < _ = = L

<

RORTSLARS 256:1& - {P"(Ri:{h 5+ Eeciz + mm,{-r 72:25161}‘ (3)

F o "-“Liﬁe(ﬂlii +1/¢Be3¢+ua3-ti,/45ec +3ch1§

forned imt;,mlh and ree ted m'efere'!t gh:,é nt.h the mmh reactant. tn rcu a

-

i

o stable aaduct the m@lex mght be isoclated” after renoval 0!' the .nsolub.‘.e

o

products. "‘hg aédzt.on af tne hylaaiue to the pméact solutivn mey seﬂz to

preveut dlspraportiunat;m of the compiex, or.to induce \p,récipitation of the:

comzex._ s ’ o

o R R n‘“.ulm.v\in'llﬂ,‘ X8 -u|<11qwm:mnwuﬂmm» ORI e e o

As man be Seen £rcm the pitersidre ife:i a:beve, there are eonﬂici;ing ' §

. deséeripions of the rcacﬂt:n of Lmlﬁ and’ Bem‘? in ether solvents. rra-

anslogous E“‘I’ile;ﬁ of reac‘ m‘rv* of L;ﬁink and mm,} with ugxe (x CI, m-, I)

- o = - .

(5) E. C. Ashby, R. E-':échwartz, B: }} James, ;mrg. Chen., 9, 325 (1970;.

I (S

in dmthyi ether ana +e‘:rarjdrofuran, it vas found that ha logen atom ﬁere

S e L ST A e o
t

xeplaced in a stepwise fsshion in 2 simpie mekat.hetical exchange process to yi.eld'

< . C oz

AR KB ST ke e Ry e g o
.




XMgALH, auifor !-!g(?i}ﬁh},.}., The nature of the i'i;c.eiucté was controlled by the
’ ('

choice ©f halogen and the sclvent type. Reaction of zi "‘:,6 cadmium, ' snd mercuriy

(6) E. Wikerg, d- ;’enl\,, R: Baver, Zeit.. ﬁa*wf., £b, 393 (19;‘) and
I, 249 (1952).

\7} E’ w h‘erg, ‘- HEﬂle’ he—-iia ﬁat’#fc’ f{é,: &61 (3.%1)0

—

halides with LEA),H;; in diethyl ether or ietrahydrofursr: produced only the

insoluble, unstable binsry hydrides zp.x,, Calt, HgH,, which decosposed to the
' metal and hygrcgen #45 at or below rocm f a:pe;awre. Alu:limm hydride was léft
in solat:.o'z and it was po:t.xlafed that H(AJ.HL) was forsed as sn ntarnediate,

. which tken rapidly és:composed according ¢ feumtmn { 10). The reaction of ‘.ﬁﬂ.ﬁh 2

) ) and eac1 in 2.1 ratic is rep-:!r*ed y.r.elc. Ca(Ang) ard &Cl.a

| MAIE), ~ M, +AIE; (M-, Cd) (9
(8) Bntxsh Patent, ,,,955 (¢962) : . L B

Recent I/-:‘,Jssisn_workg‘:: has repcrteci “the preparation of I;iAlE}Lr and LiAL}im

(9) T. K. Dywova, et s2., Dokl. Akad: Nauk SSSR, 184 (6), 1338 (1959).

- 4n diethyl ether according to the stoich;npetﬁes chown in é«.iuations (15} and (12).

b
2 13A1H; + BeCl, -~ LiAlzl-{? + HBeCl + 1iCl - 2 (11)
: 3 LiAld, + BeCl, = x,m13 1o * BeH, + - 2LiCL - (12}




’te s@mzza. .,aﬁ---. , and -351 H,, were repor‘e:i o te ven ;z;.,

but somewhat pore giauie fn the 20liT state 3% cr:fsta;s.

Since e panlizhed dats are in disagreesent ooncerring i 2 courss of
ihe res2tion when L-AMH, and Bey ars coxkiced in diethyl ether, this rescltion

was reexsmined in an aviespt o clarifs tne coxtli2ting reports. The remction

of mzﬂx} grd ’iaa_‘i Rich Beri ir 'x:e‘:rfhgrimt»z&ﬁ zolvert wzs alsc siudies.
; -

sing elemental r.:‘;.—;is , infrared ITSITroLcepy and }(-‘rgy powder dzfi-ac

b

o
-technigues the stove :‘;_etezss were siudisy. in sn atTempt te s,hﬁracter;ze ‘ae :

. . : - - : 4y =
reaction pﬁ,...x' S5 s : oo T B
S Exparisintal Section T -
z?- - R E’Q"i;'.: ;

Ber:,'lhw ac*a‘ wa3 Ob'-i‘ et fzodm the .,msh Berylhax fompa: y, Eimore,

Ghio. ’ﬁxﬁ meial was in the form u*‘ Ligh p’;xriiy siertrorefined flake. - Purity

ascay is given in Part I. - ) - : -t - o -
Chlorine gas wes Mefhe:son high p'.:ri’ty, 1sed witnout fm:ther gm:ifiegtion.
- Al: sotvents were distisled a° iuo.-,nhe-...c pressure fras 'L:AIH, vixe‘:‘i.'yl =

2+ely bafore use. - E o

¥

ether) or HaAlK, (’tenzgne setrshydrofuran; immen

. 2.5.&1& am !LAIF wETE ob‘*’ai%;ed as gray, lumpy solidsfrom ’ienzron,’ o :
Metal Hydrides D -.Lvi\ e - 7
) Znalytical )

. 7 TAlumirnm was determined by a tack- étrs..:mn medzo& at pH b using -
3 © dithizone (diphenylthiocsrbazone) as the indicator. To ithe sample was added 1C¢ -
E R per cent excess standard EDTA solution, -followed by edjustment of pH *usizrg dilute
e . - s B . - .
. 7 {(%:1) smmenium hydroxide antil the- solution was just alkaline to pethyl red. The
!-3 —— - == - e e e e e
K - - o




- - . - M = = ) - = T -
3 = mmetEe S ¥t - - g .7 S = et N o il
- " — z
- = - _— - =" . - -
- - - R - - - - - A

sclution was thes Toiled for two minutes, sceled Lo rovm teg"a*m or belew,

And approximetsly IC = of K & hoffer was added. E?.haml was ¥ “aaéé-:l to give -

€a. M-S0 per nent, by voluse, cStnanol. Af:er dilhizone Indicator was sdded, -
e ;asp- REE a‘ﬁ wdad w.tt s*argard rine zeetate roiutiosn 1o sn eq*.xim?ence

point sigaiif ied ¢

tay
o
:}“."
:sv
N
3
&
&
"]
]
w
Q» \
‘Fa

2ap to pmx. Bery}.hm in- — -

equimolar amoants does not mzér:’erv

‘Beryliium was determined gravimstricslly by ;rec pitaticn ss the hydroxide,
- ' R, 8-

fol;mi by ignit tion o ¥he oxide at 105C°C Tor one hour. ilmm m.erfe:enr-e

was "rm; :‘:’c by ik gddrtion of an excess qf EDTR vhich coqlekes the aixaim:

snei rrﬂven*s ity precipis®ion 35 *he r::iroxaé-.e.
S tmalyezs for ch..or,na was done 7;"?@ i..he sodified Voihazﬂ prozedure.
axloride was prez‘-zp ‘e:i 55 AgC1 Ty the adgizion of e~cess suar.&ari 43303 Benzyl

aleo!ml wsg addea o vcai she nzﬁ.:'ie }?ree:zpia.ate ani ihe solz:tion wag beck-titrated

with z.tan-iam KCS usmb :ferric ion as the nziicafor.

- i!ydmg&n analysis was accompiisned by acid hydvoly.zs of a wezghed amcunt

LS. was csrried ovt in an orgamic diiuent {diglyme or tenzere) to moderste the reaction.
98 A dry ice irsp prevented any cordsniable vspor from entering the measuring volime.
- TR o Prepsrstive Methods ' o

All cper::nox:.. were f:an-ied ouk wder-an a.aos;hﬁre of ary, orjgen»free

oy

S nitrogen iu the dry tox 6r using eench—tor. inert atmosprere techniques.™® 10
| : : (10) x. F. $hr1ver, The #anipulation of Air Seﬂs tive Compounds, McGraw-Hill
m COO., ﬁeﬂ York 1%9) mp er ?.. - oo e .

=t sa@:e and *o;lec'.ing the evoeived gz 31 a aﬁ’:«r&te& g3S burei:. Kydrolysis =2
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Sisndari ,.uh-zar.t i.; ] a,g} <X A.-.e:.;za zi-gir*des

- &Rr;;}i*& snivride wes TFEpired sEing a kot “:.-{,e veaction w&ibed etrlier

o YuTions of E.i'a.s‘-g i &39*.&33 éi‘ffr srEd :e,rahyérorﬁm a:si km
of Ea-ﬂiiig‘ in- ’&:—*r‘r“"‘qf.‘m.‘ weps {«rﬁ!arr‘i (54 ;;zix;i;e fcrge sciid hydride i‘ot ai =

_ hour: ﬁz*‘* *ho SPLY V‘r,.a" fznc_, to yieid zﬁur,

R

{11} 3. Bo Jarderc s Fo Lo At Jo AR GEw sﬁ. » g_c, £385 (1968).

CArgon was uled uv _“AI‘I‘.ler 32 1nitesd of ni .rcaer, res‘.itirg iz: an msu*

guantitstive 319.5& of ’fssczg. To prepare the elbtrates cf BeC}.z, 2 guaptity oi‘

- dce~water bath, A Tamtity (Eé-;ér

ihe unsplivsied }Enae was s,zspe -m; in rs I:v;r;ze'xf mz&e nix“*:re ‘cooled in an - I

B

=r:f excess btazed on rf:é !:is«sclnte) of ary B
&i&tﬁyﬁf&:{@g or :éiata}z: rofaran was a;ﬁef! sloiy s: s the mixizre was stirred. The.

solvsted, -rysts Mixee :«:& %a3 Yecoversd F,; fiivravion szd’ 6*-;&5 st wm e

pressure, ﬁ.’ﬁij:i’ fcr BeCl,JTHF gave the feliwir:g'resmt”a‘: pe- found 3.93;, -

= ot

cales 4u028; Cl- fouwa 3&.95 eales 3i.6f. For BeCl 2E1 0 the results were: :

Fe- fom 3.861, wuc. s.% Ci- fomni 0.5, mie. 3l.1% I:ifra:eg! and X’uy

x

CLIAIH, + Refl  jn Z3i Ratic in Disvhyl fiher

oG mioof diethyl wther was .-dded 64,56 »-'_:les_

L3
[}
AP Y
N
%
"
4
{h
“w
""J

1
)
' J

of LiAlH  solwtion. The 30i.tzan was zooled in sn ice-water ta*n az the hydride : -

yddivion was mede.’ A4 white p{c*;;_‘.; = formed at 'c: nce sng m,rﬁas‘ed ir. volume .
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e tesme e o0 -
a8 .
—_ = - A* -
= - - = = -

a5 mpore MI:L wat added. The m-;»:izas "i”}'«’f‘i ;tﬂ:ar 15 isf..a“ and ﬁm'&.‘c
A through s giass fr.;t, Fheiding 2 wnxte Ty s 353 & mlurless. clear ﬁztrate-
Sesoval of solvent. fra: he fu*ra;f 3Ae}ﬂe,‘ a m P powiz==,
- imlyszs of the insoluble residue imalcated the following: B- z.6¥,

pe- 7.72%, A1~ 6.5%%, Ci- ii—z.é? Tre X-ray powxr diffration ysttein contained

y lines exjEiag !‘m Licl. The infraved epes’ mam (ouikcl muli) exbibited =
} . - B

Ty borad ttc—sarmmﬁ. at :'F;}, TH. z}:ff, ard ToF- =

Anslysis of ﬁ;e c‘her-sc-gé;e fraction gave the following results: )

"

K— 5.99%, Li- C.73%, A3- SC.2%; o Eergili,- or *-!;Isriﬁe was rem'ereﬁ in this

utgrisi. The powder diffrastfim Pa*‘“‘rﬁ zz‘a.neé o ‘im at!:rxbefahie

el or sé;rting,-azeriazs. i}\. infrared spectrim of s mi mull of this
mterisl showed the tei}nuing shsoq;i:ims: iBs {:s_,viés.),' 1660 (s,v.br.),

w022 (s), 720 (s, br.}, &S (:}. - s

"

“W'W'fw"l’:’”'“"“i""' PR g g § Ao
1

_: ;'; - A si-ihr «sxgerinnt s perfamei st -78° c, stirreﬂ at this mm

i

ﬁ)r 60 ainutes snd txigeeed in the:cold. Agatnm, a whiite residue s m,
lavirlg s ciesr, colorless ﬁi*nté; Amalysis ef tke xm.ahie residue gave the
f;nni:.g Fesulis: x-‘.so;, sz-e.sn;, 51-8.551., m—éo.es. ™ mﬁ'ozal spectrum
.of & anjol aun of the msoi.a;le residue gave the follouing :bmrptiaas 17150

mmu-qumq»|q|tm'u|||9tﬂ,‘t.|ulm:.r:ﬂlﬂll!ﬂ!u!m!!itfm

\
i

: (?,‘.k.)? 13$ (s,v-bto )’, ms (-."-br.), 316 (s,bro )o I-I‘&}' m ﬁiﬂ!‘f’l@

‘pettern indiceted o lines cther than those srisivg fm- LTI, The so}:}ﬂ isoiated

A

o SO

by mﬁng solvent froa the _ether-solibie rraction of :.his reactmn Zve tbe

vmlris'-: ¥-5.98%, 13-C.70%, A‘-se.zx sgain, no berylliuk or helogen was

. found. - ‘me i..mred spectna had sbsorptions as- 118 (s,ﬁv'.bra }, 1600 (é,vg‘br.),

e 1020 ,s,br-), 720 (s,tr. ), ‘;n {s, br.) The X<ray pawder diffraction pettern

vl

|
l

+
3 54 pyeabah 0 W
P
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Fowed mo lines srrribitstie . sc L4371 or =-a:§;ng ﬁueﬁais. Recovery of . - U

Pypilibraion of 5 5.1 st s of LEATE, and %312 'iﬁ ‘iﬁei!er}t%her ST
for 135 bowrs 2% 230 yrelded Trodadis with infrsrsd spectu xﬁea icl “to

the provucts rscizisgd when “Ee rea2tios sixtur TE WA wué - ] ;-eéhtely.

o z svidres iapenion of 20.57 mmocle: of BeCi TR in I &) of .
Ll ]
Lextakpdrofiyen, wwlsd o &0 in an low-wster eth, was sgded &3.7% pmoies ' I

| of MahlE, shiutipn. A= :mpedizts precipitation rezuifes. Lftet st
= .

) j for }0 Einutes at U0, ihe g:izeare wgs filtered in the cold yieh:ﬁg f \ti‘
rezide axd clear, coloriess fiitrste. Rewoval of zm;ﬁmfmn fron ﬁ:is _—
 filtreve at resuces pressure produces = whi‘e soiide _ l o ]
— L &zzalysés A fr‘:‘p:zz of this reié*ica inéi&te! <he fg B
cfeliowing wsi?icf;:: g-1.3%%, Be-n.ic%, AI-;.SE’% i‘.‘x-#ﬁ.% 3&1-1:1 ywéer . E ]
T fhffra:f:mﬁ Eirern.sy “his i.as;;e conisine five wnidentified .-iﬁes in sdd;t_;os / -; o
ts thoze axﬁig from Bali. The .25;:5;} > ipectrum '%;i‘ s n:;%e:l sull of this - )
' sél& exhibited the foiiowing stsprprions: 17iC -{sﬁn'& .}, 1350 (t:.v.‘br-j, -
) 1@ (')’, 85 (s,v;_?:r.}, : :'_ o : o ] o
: ~ Analysis §f ThHE 7:;7;:.‘;.&":—::- froz the soitkie fracijon of t,his mction shuls - ‘
: . 'ﬁ roeposition: H-3.03, : T3, Ai-26.2%, 93-0 "Cﬁ The x"‘f powdet ‘
eiiiffrae?.iﬁﬁ‘ mitern of this Zampl had many h?ses, tut none d&e to- Beci m, __ :
= "Ii:e irxfraxed ;-’.p-éf.‘t!‘”,a e a ns ol =il Shows a‘i:sorp‘zovia at:the *‘Qnouing positicvs:
16800 {z-:,?}r.}f, 835 (= %...'..}, HEA m’.‘ ] o : L -
E - . Creserneey |
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This reaction was repested and the products stirred together at

room remperature for o period of time to allow possici. product redistribution.

To 10439 mmolex of Becl »2THF 1n 't ml of retrahydrofuran was added 20. 77 mmoles

ot NuAlHu. The reaction was 1matiated 4t room remperature, produclng an immediate
white precipitate, and the mixture way stirred for 92 hours., At the end of the

equilibration period, no ohvious rurther solutlilization had occurred and the

‘mixture congisted of » t'ine white solid suspension., Filtration.of this mixture

produced u white residue and a colorless filtrate. Infrared examin;tion of the
filtrate showed the following absorptions (THF bands deleted): 1640 (s), 793 (8),
726 (2). Nmr spectra of the fiitrate indicated nothing other than solvent over

a 950 Cps sweep width., Removal of solwvent from this filtrate yielded‘q-whiﬁé“
solid whose analysis was: H=3.39%, Be-3.770%, Al-25:64, 01-2.59%;‘ A.nujol mull

of this solld had absorptions In the Intrared at: 1816 (s,br.), 1606 (é,v.br.),
1350 (m,br. ), 1170 (w), 1120 (w), 1017 (w), 969 (w), 846 (w), 740 (m,br.), 671 (w).
The X-ray powder diffraction pattern of this solid conelsts of four lines also
fbund in the prdduct resulting by removing sclvent from the reaction mixture

ELiAIHu + BeCl, in tetrahydrofurar.

>
The insoluble residue of this reaction had the enalysis: H-0.649%,

Be-2. 7%, Al-1.80%, Cl-4u4.,2%. The 1nfrared spectrum of a nujol mull of this

golid hud-the following absorptions: 180% (s,br.), 1683 (s,br.), lshh‘(s,br.),

1322 (m,sh), 1238 (w), i130 (m), 10%8 (m,sh), 1029 (s), 986 (m), 967 (@), 855

(a,tr.), 76k (eg,ore), 723 (s,tre)s The X-ray powder diffraction pattern éontains

the NaCi pattern plus e falnt, Inaistinet line found in the pétbern observed above

for the goluble portion.
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Ar attempt wag made to detect the presence of butoxy-alane species
in the soluble Q;l'pppducﬁ which .ad been equilibrated for 92 houis. Acid
hydroiy;i; of the colid, foliowed by benzene extraction, of ﬁhe hydrolysate,
confirmed whe presence qf 1-butanol when the extract was examined by vepor
phuse chromatography.  Tae estimated aiumlnum/butunol ratio was slightly'gregter
Lhean one . o ‘

LiAIH), o becl  dn @l ratio in Tetrahydrofuran

|- ey

To 32.1 mmoles of bpv - 2THF *ucpended in 200 ml of dry tetrahydrofuran
wus added bl mmoles of ldAJHu. No heat of reaction was noted, but most of the
suzpended b tide dissolved immediately leaving a slightly turbid. solution.
Stirrivig av 25°C for.uS hours produced a compietely clear, colorless, homogeneous
solution. Removal of solvent until the volume was 100 ml caused no change.
Approximgte.y 100 ml of dry benzene was distilled into the solutibn, causing the
appearauce of a whits precipitate. After removal of 50 ml of solvent by reduced
presgure u:ékillaulnn, the soiution wus filrered to separate the white iﬁsoluble
residue from the cicur filtrate. The residue was shown to be pure LiCl (26.mm§les)
by infiared and powder diffraction examination. Evaporation of the remainder of
the golvent produced a gummy residue which solidified. The X-ray powder diffraction
pattern of this solid showed the Presence of additional LiCl plus nine other
weak lines which coiild have srisen from # trace of BeCl 2THF or LiAlHu°nTHF. The

2
infrared spectrum of u nujol mull of this material showed the following

.

absorption pattern: 1802 (s), 1073 (m), 842 (m), 752 (3), 725 (s), 623 (w),
508 (w)e :  ?j>,}§,

Resddition of 100 m! of bensene to the product, followed by vigorous

stirring, caused dizsolulion of some of' the sclid material., Flltration yielded

Paat Availohin Oy



'appearancevof a broad band of low intensity at 1619 cm .
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a white residue and a coioricss tiltrates The X-ray powder diffraction pattern
of the white solid Jndlcated the presence of LiCl plus lines found in bhe original

samplu before benzene addition. The infrared bpectrum of this solid has the

- following absorptions: 1812 (s,br.), 1616 (s,v.br.), 1236 (m,br.), 1071 (m),

1028 (m), 859 (m), 843 (m), 753 (s), 605 (s), 534 (s). Removal of benzene
solvent from the filtrate produces a pummy solid which would not solidify after

prolonged pumping at 10 ? mm pressure, and for which no diffraction data could

be obtained. The iInfrared spectrum of a nujol mull of this material was the

same as that found for the original material before benzene addition, with the
1

Analysis of the benzene-insoluble portlon of this reaction gave the
following values: H-1.86%, A1-17.0%, C1-37.4%. Analysis of the benzene-soluble
product indicated the composition: H-1.68%, Be-t. b7, Al-16.6%, C1-1.88%.

The 2:1 reaction between LiAlHu and BeCl, in tetrahydrofuran was repeated

2
under conditions des1gned to minimize eolvent cleavage. To 12.37 mmoles of
Be012‘2THF was added 2h 7h mmoles of LlAlHu in 225 ml of tetrahydrofuran. The

reactlon mlxture temperature was maintained at 0°C with v1goroub stirring for

15 hours, producing a slightly turbid solution. The turbidity vanished when the
mixture.was etirred at room temperature for ﬁwo hours. 8Solvent was removed by
reduced preseure distillation at low temperature. The solution remained cleaff
until & volume of 30 ml was reached, where a steadily increasing aﬁeunt of‘solid
began to precipitate. The final product>was a white solid and was evacuated for
12 hours %o remove excess solvent. The infrared spectrum of a nujol mull of this

mater_al had the following absorptions: 1808 (s,br.), 1616 (m,v.br.), 1017 (s),

852 (m), 730 (m), 621.(m). The X-ray pcwder pattern of this solid contains LiCl
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" 150 ml of benzeﬁe into the i-eac*'ion' mixture left id' uncrhanged; Removai of

B L I B S U S ==

- lines plus other well-defmed lmes which match the corresponding sample from -
the previous rcacmon, with the exception of four weak lines. . A
The reaction in the preceding paragraph 7as repeated snd the residue

isolgfrad by solvent r:emova»l was extracted with benzene a% :c;:om temperature for
one hour. A white suspension ‘nesu];te*d and filtration pm@ced a white reaidue -
and a clear fil‘tra‘beé. “he infrared spectrum of thfe in,solqbie residue exhibited <
the following aﬁéo;zpﬁiiéns: 1765 :‘('s;‘br.) , 1350 ,(m,br.‘)é,, 1007 (w), 841 (w,br.) ;.
1718 (w), 669 (s), 4C0=200 (s ,“brj.').: Evapqrat:ion of benzene from the f-iit:ate V

produced a white solid with the following sualysis:- H-3.19%; A1-28.5%; €1-5.22%,

M

beryllium concentration was too .small to measure accurately; no lithium was

[

found b:y’ flame pho’cometmc gnalysis. -The infrared spectrum of this product had-
the follow:mg abscrp’c:;.ons. broad stron'g absorp’ciori from 2000 to 1360 c'm"L;
1169 (w), 1079 (m), 910 (w), 76 (,,), 669 (w), 246 (m)i

mAlH, BeCl m l-l Rat*o in Tetralg_{drofuran

I:iAth (28.9 nm:-les) was added dropwise to a s+1rred ‘suspension of 28.9
minl’es of Be(:l-2 in 200 ml of tetrahydrofuran at 25°C. "Bhe suspended d:yst.gls of —

BeClE'QTHF d’issélvgd ime&iate@y, ‘leaving a slightly turbid soiuticn. St,.zzr ing

' foi': 15 hours Xieided a ‘perfectly clear, homogeneous solubion. Disti;l’at%on‘ of_

‘solvent at red ce»i preasure unt, i1 the cotal vo‘ume is appmxmately 20 ml caused

the appearance of ap ﬁc*p;tate which wes :.de t*f;ed ab I.zCl upon isomtion. .
The. filtrate precipitated more. TiCl o standing. Removal ¢f the remainder of

the golvent: y:felded & gumily solid which solidified after prbloﬁge;l pusping at'O.';'“ nm

 pressure. The infrared spectram of this sclid had absorptions att 187'r (m),

180z {s), 3781 (s), 1:;18 (m,w.br.), 1238 (w), 1r70 (w), 1115 (), 1060 (m),

o2

e e o s = = s e : e
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1108 (), 967 (s), 915 (4}, 875 (w); 754 (m), 657 (), 580 (w), 460 (m). The
X-ray powder patteri; indicated the presence of LiCl plus many additional Iines
which de noet mabch jBeCl2 -2THF. ‘ »
The-addition of 60 ml of dry benzene to this sol id produced a: \sh].te
slurry whlch was stirred for several hours and filtered. 'The white res;.dug
'obtainéd had the fcllowing é.nffared spiactrun‘x: 1880 (w,br. ) , 1830 (w;br.}),
1539 (3,0t ), 1189 (m,br.), 1122 (v), 1062 (m), 998 (w), 972°(w), 898 (m),
. 803 (r,w)'! 724 (3), 563 (g); 338 (w). The X-:fay powder diffrgcfion patiern indicated

the presence of 1iCl plus seven unidentified lines. Analysis Aojt‘ the sol.i'd‘indi-

F]HINH'!“Migllul‘|.’| Qg 1 Vo ity s

| cabed the composition: H-1.26%, Se Be-0.76'%, A1-L3.4%, ci-35.h‘2£ Removal of

H

tenzene from the filtrate yielded 8 gummy solid whi‘.h would not solidify with
prolonged- pimping at redt.ced pressure with heating (65°cC, ah hours?. Slight A
- " discelora*ion of ‘bhe mdtetial was noted diong with some gas evolutmn, and i:h;:
;product was fmally chara’c%enzed as a pzastlc mass. Analys:.s of this product
_.gave he fcllowiz;g values: H-0.T16%, Be-kT0%, A1-1o.2¢,, c1-16.1¢. The_infrured
spectr\m of a mxjol mull of this prodm;f before heutmg at reduce& pressure wes:
1876 (s}, 1%10 {s),. 1780 (sh), 1312 {w), 1267 (w), 1240 rw,, 1169 (-), 1153 (w),
L1136 (m); 1 1060 (s), 1028 (s), 95 (w), 98 (w), 901.(w), 83 (w)y ?60 (w,br-),

2 (w,5r.); 664 (w) , 570 (v, sh), h63 (s) Fhe infrared spectrum of s nu501 mull

«

i

of the same wmple after heating and evacaavmn shows the following absorptionS°

IH

1876 s,‘br.), 1805 s, sh),rlsktf (w), 13% (%), 1258 (m), 1238 (m), ;166'(*s:), 111k _(m»);,
1056 (s), 1023 (s br.), 959 (s,tr); 898 (w), 826 (s ;br), ’uz (s,br Y, 5T3 (m, sh)
525 (m), ’*58 (S). _

t

et

¢

c “ o The r&act-on was repeated in tetrahyﬁrofm'an &t 0°C using 8.b6 moles of’

P g O SR 1, 5"1"‘I;'!Ii%!"!"’fﬂ"l'ﬂl|§1||,|;l"1'?‘?‘9‘?}"i,“'"mlﬂ‘ﬁ'iwﬂ”HH‘]|‘||

Be&,l2 and 8.’46 mmoles of I:J.Al}fh in 150 @l of tetrahydrofuran. The mixture vas-

A
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stirred for 1;5 hours at O_“C &ielding:,a s1ightly 'burbid éoluti’omj Remval of A
gc;lveni at reduced i)ressure caused no solid précii:irtation until approiim‘l?eiy ‘
 50% of the .solveni had been removed. The final prc;duct; of. solvérgﬁ removal was

a éumy solid. Thirty-nine hours of pumj)i;'xg at rekd,uced-preésure (0.1 mm, 25°C) .
yielded a i)iasttic sciid whose infra£ed spectrum was: 1778 (\;'s ,br), 1575 (sh),
1237 (m), 1170 (s), 1310 (w), 1605 (s), %0 (m), 920 ‘(is):, 80 (s,br.)s »boﬁt;.inued'
pumping (2% hou’rs);fimlly yielded a ‘;mite powder whose infrared spectm:ﬁ as a_

. nujol mﬁl was the following: 1802 (s,br. }s 1619 {s,br.), 457 (w), plus an

irrégular baseline which showed no definite absdrptions. Iﬁe powder diffrgcimh

' do not match BeCl,® 2THF.

" NaAlH, + BeCl, in 1:1 Ratio in Tetranydrofuran

To u stirred suspension of 15.6 mmoles of BeCL*2THF in 150 mi of tetra-
:hyéﬁMan was added: 15.6 nm;ule; of 'NgAth.f The reaction was cooled in an ice-
wé;téjzi ‘bath as the gildifion was made ; and the mixture waé stirred for 30 ;mutes
p;ior Lo filfbra\tio.n, A :whlte-p:recipzj;ate :f‘o‘rmed as the reag;z;ts were :-‘co'inbihed.
Filtrat:ion prgdu;:ed a white so}id’residué and'é clear filtrate. Removal 'of -

solvent from the tilft;radhe by reduced pressure disti]iation, »in’:the ‘cold, geve a - '

:white‘s:oligl. = : R -7 - b

Analysis of the insolutle product gave the following: H-0.806%, :'B:e-égM; -

AT-2.28%, Cl-u3.44. The infrared specirum of a nujol mull of the solid had

‘ a'ﬁﬂonpflo;as al the followirg posf‘tior}s:; 172¢ (s,br.),. 1350 (m,v.br:.:) , 1011 (8), -

955 (w); 912 (W), 863 (s), 730 (=;rr,'br. 7, 542 (m;br.). The X-ray powder diffraction -

patteri shows the»presence: of BéC12-2IHF snd NaCl with three uniden‘ti:fie'd ‘week

lines. Ana%}sis of the -solid isolated from the sviuble portion of the reaction

} - . - - = < e — I R St

pattern of this solid indicated the presence of LiCl plus 11-additionsl lines which - -




P

mixturo indicated ‘the following qompcs:.u:.on. 73-2 72;%, 081,, 51-21.2‘,”, . e -l
1= 15 8% The ‘nfrared syectrum of a nuaul mull of thl;‘} 201id had the fc;]iow1ng

3 : absorptxons*' 187)+ (s.br.), 1573 (s vnbrr.), 1160 (m,br.), 1019 (s,0r.), 950

‘ (s,br.), 829 (s br.), Ti2 (s,or ), 6’49 (s, br.), 452 (m bra), 3o9 (w),- .,h3 (

o - The x-ray pwder dlff.‘ractmn patfze*'n o:t’ this. Solld does “101: confirm the nresence

of Beu;l 2THF or iacl “but has many lmes. S ) - - -

meh 5 BeCl, in 1: 1 Ratio in D:ethyl Ether o

- LiAth (25.03 moles) was. adaed uropw:.se ”’bo 25.03 mmoles of BeC" in 250 .ml

2
of ai ethyl ether at O“C. A nnec:m:.tate fermed m&xatelys Stlrring for 18 -

hom's pmduced a. c'leax supernatant solution over a flccculent precxp:.tate.v
Piltraticn y:.elded a8 wh’xte solxd and a clear ﬁl rate. Removal of solvent from
the filtrate produced a clear glass pmdle which dlsintﬂgrated upon i‘urther
: c S ¢ _Zvacuation to 8 povder havmg & t-rybtall;me appearance.
: ' g R Analysis of the msolub e materlal “rom th:.s react;mn gave the following
) results. H-e.hég, Be-8.37%, Ala_,.E%, c1-62.9¢ ’I’he powder d:.ff*acta.on pettern

‘ . : of uh soiid 1mh~cated the p&a.r,b-;n ol LiCL plus um:e acmltmua.u weak xmes. The
' ‘ 1nfrared spectrum cf a nu;_;ol mu"ll of this solid had the fcllowzng absorpt’ionS' : o
L. 1758 (s,v.*br.), L350 (m,v.br..), 1022 (w), 778 (m,v.br.) Analysis of the soluble :

L product indicated The composnmn-- H-2.69%, Be-3 .585, A1-23.0%, C1-26.1%. The .
= infra:red spectruz \:f a. nugol mun cf ’r‘hi« praduc?, exhibits absorp’bmns a‘t:*
ovs ) strong;= uoad band Prom 2200 to -400 em 2 ngo w), .uso (w); 1091 (w), 1023 (v),
T em (0,390, (@), B4k () 760 (5), 600 (v,br.),. Wbk (). The Xerey powder

pattern consisted \r:f- our: cufzu:u: hnés i‘hlch match those found for the 2:1 cese,

 soluble species.
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The reactmr- ~7as repeated at -‘73“(,m~mz zz"z m.KE'b of BeCl &t n ., ;'— -
and 22.7 mmoles of Lu\.th in 200 mi of dzgthyl e‘rahexr Aga’;n’a p:gcipztate
fbrmeé immediately. After.‘surr;ng fer 45 minutés, filtration in tﬁé cold
produced a white solid snd a cleax filtrate. ~Remova1‘o:f'the soivgnt from the
fi;ti-ate‘px:oduc'ed a wh:;‘;:e soiid. S : o R

Analysis of —A-‘j.'nvef 1nsoluble residue gave ske> follo;ﬁ,i:;jlg ﬁotﬁpo‘sitién:‘

.:H-é.oa%, Be-9.703%, Al ‘3.116-% C1-58.2%. 1Ine inffrared spectruer of a nujol mull  ©

(m,vibr, ), 1190 (w),. 1150 (w), “1085 (u}, 1017 (m), 890 Qwé);‘: g (W), T3 (m).
The X-ray _';;ﬁowder paﬁ:tern -showed the Lifi patv,ex;r; plns;‘ one *.{c‘gak,' un:.deriﬁ‘iﬁéd ) .«

“iine. The solid isolated from the solutle portion o of t i5 reaction mixture

hi?‘\\'r .

I\.

gave tae analysis: A, H<3.25, Be-1.085, il-28.2£, Cl-zl;.%. ‘I’he mfrared spectrun L

of 8 nu,jol mull of This solid efmu' ed ab:orp' ions at:- 1851 {m,v.br, ), ,1615
a ‘ . (m,v.nr. )s 1257 (v}, lld'7 (), 114% (w), 1086 (W}, 1014 ~‘(w;, %68 (), 888 (y), S
739’(@,‘bxf.) , 620 {w}, Lh?; (%), The X-ray pméi_sr vdrs.ffract;orﬁ pattern contains C

foar veak lines. : . : o .

Soifiz;on Spectra: Lial4, - PeCi :in Disthyl Ezner -

Molar increments of ’....4’, were zdded to 9.23 mnies of BeClz‘ dissolved

in 50 ml of. die:ffyl ether. After -hc- nym‘dé ada:.-mn, 'rhe mzxt‘,tre vas stirred

for 3C minutes to 'l mur, the preczpn_.ar_e allowed to settle, andfsa“mples (1 iﬂ;)- R

of the ciear superna‘tan, wers ndrf;,.n (%4 syringe Tor mfrared exammat’ion.

Absorptions at 1:1 - nydride hal:de ravic were: (sclvent vends omra‘bed,) 1848 (s), -

1787 {z), 1633 (v}, % '(mh 04 (mj, Tiu (&), “i2 (23, 559 (w1, 502 (w). These

<
bands weres unchanced on :txrmg fer % hour:. Ansorprionz at 2:1 ratio were o

R N S et

’ ~—of .the insoluble 501id had the following abucrpmonS‘ 1765 (s,v.br.), 1350 i -

[

Lt
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1811 (s,sh.), 1787 (s), 1638 (w), 900 (w), '3 (s), 675 (m), 54O (w).

_Absorptions at 3:1 ratio were: 1812 (s,sh.), 1785 (s), 1747 (s), 900 (w),

%Sh (s),w§85 (m), Shd (w). Filtration of the mixture produced a whiﬁe

residue which had the tollowing spectrum after drying al reduced pressure:

1754 (s,br.), 1350 (m,br.), 1025 (w), 752 (s,br.). The powder diffraction
pattérn of this sclid showed only LaCl and a single additional, indistinct line.

Removal of ether from the clear, colorless filtrate prcduced a white solid having

" the infrared spectrum: 1778 (s,br.), 1618 (s,br.), 1147 (w), 1026 (s), 891 (m,sh.),

802 (w,sh.), 720 (s,br.), 600 (s). The X-ray powder diffraction pattern of this

solid contained eiéht lines. A sample of LlAth solution was stripped of solvent

at 25°C to yield a white:solid whose infiaredlspectrum was: 1778 (s,br.),

1666 (s,br.), 1148 (w), 867 (s,br.), T4 (é,br.). The X-ray powder'pattern of

this partially desolvated hydride did no* match the pattern for the ether-soluble
product described above. The soluble reaction product was unstable and decomposed
to a dark gray solid with gas”evolution.

Solution Specffa: LiAlH) + BeCl, 1in Tetrahydrofuran

~

LiAlHu solution was added to 4.54 mmole: of BeCl in 50 ml of

2
tetrahydrofuran. Spectra were recorded from samples of the clear, homogeneous

solution. Absorptions at 0:1 ratio:r 665 {s,ah.),_57u (m), 524 (w). Absorptions
at 1:1 ratio: 1730 (s,br.), 773 (m), 79 (m), 670 (s,sh.), 378 (w):" Absorptions

at 2:1 fatio: 1730 (s,sh.), 1701 (s), 776 (s), '731 (w), 680 (m,sh.), 370 (m,br.).

-Absorptions at 3:1 ratio: 1730 (s,sh.), 1695 (s), 1646 (m,sh.), T (5), T31 (w),

680 (m,sh.), 370 (m,br.). Absorptions at 7:l ratio: 1691 (s), 16h6l(s,sh.),

763 (s), 733 (m,sh.),'679 (m), 530 (w), 384 (s). Absorptions of LiAlH, solution:

. 1691 (s), 763 (s), 390 (m). | ¢
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» - Infrared spectra were oblainea qﬁ a Perkin-Elmer, Model 621, gratiné - o ©

resonance spscirometer (6C mcle = o :

i

ey

Solution Specti'a. RaMI-‘ + he‘n A in Iexrahydro;aran B S

The prccedm:e was the Tame a5 above except that tne precxpxta fori;egi’

would not settle on standang for one hour. Av 2:l retivo, the mixture waa’

filtered and the infrared spx:ntrum of *ne fnr,rate examined. Absorptiénsq wer;ii"
found at: 17’*’0 (), 1269 (w,:n.;, 797 (v}), ‘?24 {m). Na.ﬁ.llih n tetrahy:lrofuran

has absorptlons at m&) and 77z em "i, ) : -

Tnstrumentiation

infrared spectrophotometer. Sampies Wer: pregared as nujol mulls of as ethereal

solutions and were scanned from 2300 to 200 om ™ nsing CsI ¢ell windows. : T

Nmr spectrs were recorded on u Vzrian Assoclgies A0 nucle.ar magnetic

X-ray powder diffracr ion data wore ohizined usmg 3 Debve-Scherrer camers-

(ﬁorelco, 11k.6 mm) and cu(Ka) radiation (1 ;ﬂub A) with a nickel beta filter. B
4’ (

Alsc Mo\m) radut ion {C. 07 1;} With a zwrccn;!m ‘z}eta fxlzer wasg empleyed. The i ) .

samples were lqadea into thiz-walled Lingemann g}avs esp2 llamns (U.Sm) :m the

-
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“The pedction beiween —omplex 3iuws:n.a Rydrides ¥AlE, (where M = Li, Ke,

K, ) and metal ha lidss of 3roun . ‘%-f‘?:,fw'urﬁ ¥ - Be, Mz, T2, Zn, C4, Hg;

. 2
1( (‘}. ifr, I”f,f_:n-a_; v IoFoFAitel v tel Weyte JH- Tirat of theso descrintione
uou'ld e the GifLie mItat” Loal lAhMEnT LiRG -5 EgwaTicn i3e The complex

: - = . . i - ~ - <

alﬁmnm &j{i i8¢ an thiz cest | prelimed toUERISY

F

- * - $~ -

= },%aiﬂf - u X;,.} - . vr; POET? {;l :H* % - (13:1) -

A e v - - - - -
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a3 & solvent-sepurated lon psar. The second description employs a subtle

difference in the constitution of the hydride reactant, i.e., the complex

aluminum hydride muy be thcught of as an MH specles coordinated to AlH3
a hydrogen bridge. EReaction of this bridged hydride species with M'X; might

then ocecur by a different mechanism as shown in Equations 1k and 15, to form

through

M'H2 directly instead of M'(AlHu)w. Experimental verification of either of

these two postulated processes is complicated by the possibility of a redistributio

"

M—-H—A1H

- N .
| - XM'H <+ A1H3 + MX Co(18)
(| |
X—M'-X :
XM'H + MALH, < M'H, + AlH, + v ~ (15)

. disproportionation equilibrium (equation 16) which may be attained rapidly
or very slowly.

M'(AlH,), = MH, + 2 AlH, (16)

The only alkali metal aluminum hydride which is spluble in diethyl ether
is LiAlH)% This unigue behavior is attributed to strong solvation of %hé’smal;
lithium cation by the moderately basic ether. Where the cation is‘largeri(Né or
K) a ﬁore basic solvent, such a¢ tetrahydrofuran, is required for solubilization.
In the case of CsAlH), only a difun=tional ether, such as diglyme, acts as a

solvent, In generél, 1%t may be argued that solubility of theséﬁcompounds is
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iependent upon effective solvation of the cation and thet for small cations

< less bagic solven'. 1s required than for. large cations. On the other hand,

I

(n-CvH7)NJAlH“ 1# soluble in benzenela whereas [(CH3)uN]Ath is not

;@§n~08n17)5

(12) K. Enrlich, A. R. Young, D. D. Perry, Inorg. Chem., 4, 758 (1965).

Soluble in any erpanic solvents. The solubility of the former is probably due
o the long alkyl chalng on the ammonium cetion; when such groups are absent,

f . . L , +
colubility 1e lost in hydrecarbon solvents due to poor solvation of the (CH3)hN 4

cation by henserie,

The introred spaectros of comp ox aluminum hydrides and other alane

i

Cijerivatives are complicuted in ome inctances, but some useful, general statements

"
i1

H . . s o “ "l
f:an be made.  Terminal AL-H stretching frequencies occur between 1912 cm ~ and

i

L ] . - -1

660 em T, and msy be tower an bridping situstions (1550 em 7). Deformation

» . S

Jodes of AJHM are observed ot cee 790 em . Shitts in Al-H stretching frequencles
" ! : : .

'

fiave been cdrrelated with the incerease or decrease of the coordination number of

1 : ,

it - ~

;;luminum. In general, 1ncreasing coordination number for aluminum will cause
b 1 '

i . . : 1 - .

Hhe Al-H siretching freguency to decresse; 3 those compounds of coordination

1
I
; .

DA

vt

(13) H. Roezineky, K. Dautel, W. Zeil, Z. Physik.‘Chem., 36, 26 (l§63).;

—— b wod i

ﬁumber five abzort below 1730 em™ and those of coordination number four absorb

; - l . g
- ubove 1750 cm h nJlsz’ has duscussed the shift in the Al-H stretching frequency

N L agaee”
1 ) pest a

LN
i
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; (1h) . Dalts, k. C. Ashhy, Submitted for publication. T \e GOQ\;
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interme ot 'cove lent luteracn ons tor aclected derivatives of complex aluminum

hedrodes.

Keart cong oo Djethyl Ether

Because of solubitity, L1AlH, wos the only hydride reacted with BeClz

ity diethyl ether. Analytsnai dote are summarized in Tables i and%a for reactions
at 26°C and -78°C. -

fhe reactions of LiALH, and EeCJQ in 2:1 ratio are rapid and complete
within one hour at -789C.  Aluminum bydride is recovered virtually‘undbntéminated,
excert by residual solvent, from the soluble frgéiioqs of the reactihomiiiprgra

‘ , N , o S T -1
~The nfrared spectrum of the reaction solution has a strong absorption at 1787 cm 7,

which does not apgree closcly with the value of 1801 cm 1 observed by Ehrlich

(15) R. Ehrlich, A. R, voung, B. M. Lichstein, D. D. Perry,; lnorg. Chem.,
2, 550 (1963). | c

for s metastable alane solution prepared from LiAth angd AlCl3 usihg the method

; ; ‘ :
ot Finholt, et al.l) Aluminum hydride vrepared in diethyl ether by this latter

(16).A. E. Finhoit, A. C. Bond, H. I. Schlésingep, J. Am. Chem. Soc., 69,
1199 (1947). $

reaction precipitates from solution within minutes after its separation from the

101l by-product. In contrazt, the Am3 penerated hy LiAlHu-BeCl interaction is

2
stapie in solution over s period of at ieast 135 hours at room temperature. It
. N

appears that AlH

+3

it beirg solubilizen by the presence of solid 1aCl orrBeHe

£,
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) ness of ‘the bands ‘and undoubtedly from sllghtly differ;ng residual solvent ccntent.

i

S R e = IO
e e I

according to an egiﬂibrium éf the type shown 3n eqization (17). The ihfr;l:réd :

spectrﬁm of ‘the solid A]‘H3 eti'xeraie whivch was :"sc-laj'ied from the 2:1 reac‘Eibn

Lo+ MH, = TeAl] - Al L - (D)
solid . ] - solution S

\ - t -

(where 1, = 1iCl sBeH,,)-

had bread absorptions at 1755, 1660 cm-}f"(25°_) and X778, 1600 et (-78°). The
itepon{;eéi-"spectral?’ for Eif%‘xEtQO show absr-)rptions at 717‘60 anci 1592 cm'l as nujol

m\itis.< "I'he varying’ values of the absozpfibn maxiina srise from the extreme broad-~ )

The insoluble products of fhe 2'1 reaction are LiCI and BeHa'xEt 0, The

infrazed,spgctrum o_f the msoluule FO‘le exh:bl’cs a stx-ong, 'broad*band’ at 1755\
mt (25°C) and 1750 ca * (-"S;Q)i The infrered spef'trum of BeH2 prepared by
'oy:rolysis of Be(BHh) with, ( Cg 5)313 in 2:1 ¥ -»'iﬁ fxas a strong, broad Be-H

' «strgtching absorp ion ‘at l‘?§8 cm” , the prodhc’c. ‘gave no X-ray povder fdlffraction i
17 For the product 1solate<1 as the- msoluble solid in the 2:1 rea”tion,

} patter’i‘x.

<

‘(17,) L. Bfangord, Ge E. COAte's, J. Chem Soc., 5591 (196%)«

e

.- only lmes arising from L;LCJ. were noted in the X-raiy -pqwdezj diffraction mtterrf...
DT ) .
Analy‘clr.al data mdlt..ar,e 4 Be ratic of l:2.

- |

- _;“ - Thus, the original fepo_rt. by Wi‘éergl appears to be incorract, and the

: work of Hnlley an;i Lemmsa : oorrobora*ed. The findings of Wood and Brenner2 )

cculd not ‘oe cub tiated smce r> ;se(Ath), was generated wh:.ch could be

<=

btabl’!.xze‘. at low +empemturas. Alao, we found no Pvidenc_e for LiBe(Ath)3




SpeCJ.eSu 5n reactions between LiAth‘ and BeCl2 in ﬁiethyl ether. o

The Russum cla; ai9 concernmg the preparation of LLA12H7 could not 'be o c

verified. Analysis of ‘this new compound gave the elpmental ratios. Li'A‘J.:H -

1.0:2.19:7.0; the powder diffraction pa ttern was also repqrted. -1t is notable

that the Al:H ratio of this product is only 1.0:3.2, and seems to be ipcon‘s‘is;t‘ent

with the repoz;t‘ed empirical formula. - We have found less than 0.8 per cent ;ithii}n

L axf Tijn Al/Li ratio of spproximately 17. X-ray powder diffraction data for tﬁese

" be a limiting composition of desolvation efforts witn A,;iHsmEt 0. ST

- mixture of AIH3 and BeCl but rr 157 nro’bable that such a mn'ture would react -

in the soluble produets -of theé:;, reaction <of.LiA;-1H1; and BeCl, in dig_t‘lqyljetli‘ej

soiﬁ‘i;le products de not maw‘:éh vfhose from the Russian report. The ’oowder pattern . l?

T of AJHS etmrate whlch we have 1<olated from this 2:1 rnactﬂon at 25 does agree B :

well wlth the powder pat’ce*'n of &n 2lane etherate reported by Fz'ench workersla to

{(18) J. Bousquet, J. Choury, P. Claudy, Bull. Soc. Chim. France; 3848

(). T

V For the. react").ons where the Li.ﬁth BeCl ratm is 1: 1, t;he reaction is

more ifcomplex. The mfrared cl:artaJ elemental analys:.s ’ and X-ray powder d:.ffr&ction
pattem of .,he mso‘uble reacrion product show that .,he ma jor constituen =3 ax:e

LiCl and BeH2. Analysis of the soluble port:.on of the z:eactzon indicates a

fhrther ar'cordmg 1o ecic': jors (18\ and (19).

3133 + BeCl, = HAICL + HBeCl - e (18) -

B ¥ | agy . -

Y 1 — - - 7
mCl + H2A1C- HA1C12

.= B e N T T £ A e SRR S Sy TRy




Su;:ti 1nteractions would presérve the“ am;:unt’af solﬁble' chl'c;r'ide and hytiride
- if the hydndoberyllim compotmds were e1uher soluble or were complexed by
the whamven-alane spec;es which sre soluble. Some support for A].H3-BeCl
interactionsA is 'fopgd in the mf.‘rar.ed spectrum of the reaction -solution itgelf,
: where a band at ‘181;8 cm-l», is observed at 1:l ratio only. The spectrum does. not
change af wir 16 hmirs éf st:';rring.v The “triethylaminstie 'of-szlcl ig‘kn/wn& to

- “ebsorb at 1852 cm )t “in benzene, éhéz:ea‘s thefﬁiiiinateof HALCL, abeorbs .at 1898
ok 20.-

Thus 4 the most likely inters\gtlon would produce H2A1Cl and HBeCl the -

‘ "(-20»)535 c. Ashby,*sa Prather, J. Am. Chem. Soc., 88, 729 (1966).

latter being an um‘eported ecmnound.

o . Infrarea data on soluulons of meh and: BaCl where the ratio of these

2
'r’a’actants s gxtea‘cer than 2:1 mdic&'ues Sniyisn ;n/crease' in the absorpt:g.on due

=

ior;famh. C e e e s | :

- Reactio'xs in. TetraJdrofuran o . . '; -

. Both HaAIHh and LiA:LHh were al.l.awed 4o react with JBeC1

2
¢ ) ot the alkah. halide by-producfs R HaCl is insoluble while LiCl is soluble. ]

in tetrahyd?ofuran. o

g The reactaon of: mez, vi‘th Bex,l in bcth 1:2 and 2:1 rat;.os yrlds L
mixture of products wln.ch are soluble, Fractmnal cryswl“zaf on of thf. product
) solution deposxted only pure nzCl, no evzdance of BPHZ dﬂposinon was ‘observed.‘

The infrared apectru of thé product soluz.mns exh:.or’; ‘an i‘u-}f stretchmg band at
1730 em = for's 1:i ratio of reactants ’ 1701 em! w:.t-h a shoulder at 1730 cm 1’

“for 2:1 ratie, 16595 on ‘L with a shouldex; 1730 cm I for 3 1 -ratio, and 1691 cm =

. ab 7 l ratio. LiA}.Hk 1r tetrahydrofuran ‘Ceson,s at 169;. cm 1, Aluminu_p hydride

- e - . ez
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in tetrshydrofuren solution is reported to absorb at 1739 om am‘i 172h en:
(@) .. Daute.-, W. Zeil, 2. Electrochemie, 6k, 1234 (1960). o R
~ The mfrared «pactrum of the product mxture dfter sclvent removal e:daibited

CAL-H st1etch1ng vibrations at 1808, 1616 cm_ 6?-1 mixture), and 1802 16'19 cm

) Smce pure LlLl uzi’y Le prec 1p1 “+tated by the ad(htxor of a non-mordimting so‘.l.venf

(2:1 react.aon) or f‘lBeALH\ (1:1 reaetmn) 2 -

in Tables3amk : S _

U Sy S S e

» react:.on preducr. is predominantly AlH,. XDE -3; 11 igc ide ntified bv its analysis and

(1:1 mixture). "‘nebe _are very close 1o uhe values eypected for the tetrahydro

11*3‘

furanate of A1H3 which absorbs at 1802 om - or 1‘8‘ r-;r. 1.21 Thus,, on the basis

of the infrared data »i ig d1 fficult to. dlstmgulsh the reat_tion products from

“A1H, *XTHF since ﬁi bends sre so brcaﬁ.~. On;t an.e*' han., he fact that Beﬁz

3

-does not pPecipitate df-mon..tv ates eledrly :hat B strong interaction is present.

"\“ W
AN

such as benzene, the mteraction product< zre suggesfeﬁ o be Be(Ath)‘a

Using NaAlHk in “etrahvdrc:turanf gnrec mfferent results. 'me amlyticuL

data for reactions bet‘.we°n HaAth and BeCl in tetrahydrofm’an are suuarized

2

‘At a NeAlH) .B=(‘l ‘ratio of 2 l the initisl proaucts are analogouz to E

" those found for the IJAJH,F'BPGI 2 l .,.actzons in 4 ethyl etl:zr. 'me 80 uble

by ‘E}w\ “frdred ﬁp&otrum '-ab =R has TG;‘!&‘“!S dv- J‘sorptmns at 1800 css'l_,a;_nd

 1625 om 1; The mso?u‘ble reaction produ 5 agé Hac.t ':i BeH ~ the. hydridg ‘ﬁejﬂ

stretching frequency being reduced to 1710 when the produst is isoiatéé f!"oa T T
tetrahydroi‘z.ra ‘ut:.v'rmg the 2:1 reaction mixture for 92 1-1"*5 caused soiubili-

zation of the BeH

o from rhe 1nso.t.uble. phase ¢ the soluble par’c,mx of the réactmrx
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Table 3. Mm,‘ + BeCk, in !rétmh;dromh (0% -

i  (Totsl H~
. Solibility - Iess - = =~ =
of Froduct HiAl Am3),:se . _Be:Cl .

| BeAlf :Becl,

A o~ ~ ISy gt

1:1 . solibre 3.67:2,0  1.0:1.23 - 1:02:1.0

¢ Ll insoluble  36.9:1.0 © L.O:L23.  1.0:1.52

2:1 . scluble - 3.14:1,0  1.0:1.23  -8.50:1.0

2:1 - insoluble. -19,2:1.0 1.8:1.0  1.0:2.13

r ey - -

il
»

Table 4. . 2NaAlH, + BeCl, in Tetrshydrofuran

oo

‘ o - (25°, %2 Hours) .

it

L - (Totsl B~
. - Solubility _ Lese :
s E - of iz s . LT -
. m.’mhﬁe(!la of Product = H:Al 5133)..3? v Be:Cl

o .

o

2:1 - solwbI: . 3.5T:LC  1.32:1.0 . 5:62:%0

£ ‘_ : . 2:1 - ‘insoluble 9.73:1.C - ‘1.6:1.0 L.0:%.05

g

: - k%]
= & N
2 < =
=3 .- A

- TS — - - - —_— = -
- v -
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mixture. Tt is postulated thet this. intersction 4s of the type sSown -in

equation (20). The infrared spectru of the equilibrated solution hed s

T
i

= B z i - o - - I

2y +BeH, = Be(aw), . " (20)

strong sbsorption at 1T4C om , very close ‘co:the':'initii‘a'l f\ra‘].mz’c.»f.:L‘I36 —

vhichfapneai's i’mediaiely after aixir,g; The sohd obtained by renovzng solvent

: trom thi; equﬂﬂbra*ed solutlon exhibited Al-H stretching bands 3t 1316 o 1;

and 1606 ok 1. This 'oro:zutr is verg similer to the soluble product ﬂ'oa the 2:1

_/ IJ.A]IIL reaction, on the tasis cf mfrared spnctra and X-rey powder diffraction o

pa:tf:erns E - 7 “ es ’
The vbservation: '..’:ar. ‘;he 2:1 resctxon in tetrahydmrmn yroceeds in &

ﬁfferent minner for mmh thar‘ for mmh hes fwo mhcatmns. ] 'me firat

consideration. is the, possibility tha—t the co@ositio.:s of ‘these two hsd:gdes

sre different in'tetlahyﬁroﬁxrsn soiution ani tlfn_" eacn hydr.de ispec;‘[es leads E

to a seperate product mixture. The second possibihty 1s t‘nt the Li(:l by-

n

product - 1s ‘able to sol: ‘buize xsefiz reasdily whereas Ksc}, is :meﬁ‘ec*ive 4n such

: @~ process.

The comparstive degree of f‘ation solva»mn should be the discriunatmg

- effect for these two n}r:. 6e.= in so'{uuon. The Al-® szr‘nehing vibrations for

Iand].ESOcn

: mm snd HaAlH, in uetrah';:iro- wren soiution sre 1691 o
g‘especf;ivel rfo This is not. é ;arge change b!.;i indicetes Iess cation-snion,
covaient interaction when sodium is the tation. At the presems time, 1—1‘&'&],_;

else is known aboui the r::géosiii&n of these hydrides‘ in golution and it must

z - - - - = —~4—,A-bg

.- - S S B ——-——-—9,@:;
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i be &sht:ltbded tha‘*i éheré 48 no ;evidencer for sigziifiﬂ;{tidiftiéé;nces'ih these
o m '*eagents in "etrahjd,tofuran which would 'iustify proposal of more than one
. ¢ reaction nechanism with Becl, ot _

k Or. the other h&nd‘, Licl‘ié,mmx to form soluble eoﬁplexés with halégen-

alane spzcies in d:.ethyl ether ‘and evidence for LiIn%AlH.j and LiI-AlH,%
23,24

7 adduats has been feund in dlethyl ether and tetrahydrofura “herefore,

(23) 1. hotn, Dlsx*ert'wtion, Univ.: mnchen, 195&

(21}) G. N. Schrauzur, ’Jiss¢rtation, Um.v. l{unchen, 19‘16

it s guite reaoona‘bxe that Lif -soull form m comple" thh Beha and prevent

its prec:plt&tlon in the Lm;dh-bﬂ(.ila reactmn in tetrahydroﬁu'an. This addact

n 7—;&3@32617&&11:3 - LACL + pe(all), (21)
I - (.,onmzaénac;z)

.=, ¢ : _ Wmen solvent is remved from a 2 1 mxtm:e of LzAth and Be012 in
tetrahydroﬁu-an,, a wh::te resmue results. If this residue is extracted with

:' benzeng, the 3oluble ;;;oduc;b is soiLvated A1H3 afrd not Be(MHh_). Th:.s*resu}t
lends furtlier ém)port to *L?h:e hypothedis that BeH2 and AlH:,’ are present in ‘é,he

sowtidn, BeH be:w o’iu‘mlizeﬁ by a8 Dprocess such as that described above.

The 2:1 rezcLion beween NaAlhh and BeCL in tetrahydrofuran produces
soluble A1H3 and an .ms uble. m.’g{ture of Bel-ta and Nacl. Aitempted benzene
-é e e wm—— e T S g —T e A e e o e AR

could dghen react ;(‘urt-her with AlH, 3o produce Be-(.t‘dﬁ,‘L)2 as. shown in equation (21). -
- - V.: - »q! ) 1 - M B )
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-extraction of selvated Be(ﬁm)h *'he reaction proéuct of mmh and Be(l F -

in tetrahydfofuran in 2:1 ratio yielded cnly m:;lvated alane in 56 per nent T

yleld as the soluble pro&uct. Therefore, no evmence of Be(AAEh) was tound‘
as the initial product of these reac tlou;. In ether sol's'er*'s. ir Be(Ath)

‘ is formed 1n1tlally, disproportionation anpear.—; to be the predouir.,mt fetr Wl
this Epecies. The observed redistn»butzon cf the produﬂts "roa thz "M;L-

; NaAiHu'BeCl reaction in teﬁrahydroﬁ:ran could be exp]aiped s bemg due to

catalysis by alkoxy-alas,e species aris ing Sfrom attack of AlHr on the solvente

Again, the 1:1 ijeactiens with _Ha&lﬁ,* in t_etrs}qmrofgran are more complex ‘

‘than the 2:1 reactions. fThe inscluble product mixture was fownd to contain

NaCl, BeH,, and BeCl*2THF a5 the principal souponents. The soluble product

o

* does not contain Be012'~2"‘ﬂF, ah& has -an infrared absorption maximum at 187 o

)aﬁd 1573 cm-l. Ana]yfiﬂal data .,ugges»- that the sol uble snncxes are 51?3 and

a compound of emp:.ncal formula ¥BeCl, possibly in combmatlon as ClelHu,

however, the Al:Be ratio is L.73:1.0. Extended eguilibration tine might permit .

{the inso.mble product to react ﬂmther to yieifi as:.ﬁnal produi:ts; sohx:b;le
:"clBeAlﬁh and 1asoiub1e HaCl. The shii;;t.., of th: ﬂl;a lstretéﬁing *’requency for
. this solubie l:i product to a value ca. 55:m a‘bove that for the absorptﬂon
- of the"cor‘res'poindn :J. product may reflect the effect -of snbstituting ckloride
for aluminohyd;;ide Zre the propo_sed Be(AlH,})e. A corresponding shift is mot

.observed for Mg(Ath) » and C1MgAll, from tetrahydxof,u;'an.s_ -

ey e e = TR LIS e G - - o 2E e E

-- — . o S s R et B B S oimm
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(L= tex:tiary a-me, ¥=Li

" J. A. Dilte snd E. C. Ashby
Abstract -~ - -
‘.he ther-al dee@csx*ion of m;ak, BaA].Kh, &UH,‘ HIHH'L
or Ka), ClMg\IE, -LTHF, Me(AlH, ), vnHF, mgnmé,
na3am6, anﬂ }gﬂe have been investigatedﬂusing differentisl therml amlysis

and tbmograﬁ-ettic am;ysis. Bvidence is presented that nng oo-pmnds

. 'decn-pose through the cemsponding 143.11!{6, The amine cc:;:lm of 1.:&1&

hm‘- been de-om;tra*.eé to have a higher thermal stability ..han the ment

' mlex mme. With Mlﬂh-aajne romplexes, desolvation precedes deco-pou-

'uon. Towever both Me(ALE,), HTHF and clxnngavun§ kmr maergo complex ttes:nl
demition mlving loss of 'n!r as well as m cleange

A ~Z =

In':roductim

" Pew mtentic studies on the mnner o' thnl decoqosiﬂon of

- complex netal hyirides have been repomed Gama- ami Esycockl investigated

”(ﬂé) V. E. Gamer and E. W. .saycocx, Proc. Roy. Soc., AZLl, 235 !,i952).

ti.-e-decc!@os*tm curves for mmb and con,ltﬂed that demitiomocmd i
in *three stage&.

fol]med by loss of half of the h:,dridic hgﬂrogm according o eqntiox. 1.

LiAMH, -~ TAAIE, +H, . - {3y -

‘me first of theso was an initisl surface reaction v'hich vas -

A Stuldy of the Thermal Decomposition of Coaplex Metsl Rydridec . -

[
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Tait in furn wes foilowed ly los: of the third kydrogen st 5 much slower

rat2 (eamtion ). -

o

CLaRIE, < LI+ AL < 1f2 §2 I - b

-

Viher—g and couworker: hsve rg-—sen*a ke ﬂs&:nx ae:cq:osi*m of

HAIKR i solutior as occ;:rnng to give Lilf airec*l,' (e@tiﬁ 3).

| iRl ~ ¥ 2 3/2E, +Al : (3)

? = <
mef 'u:plv:x -E*ai zg-ﬂrmn‘, S e

[¢]

() k. sm, Juzgw. Seme, £, 36 (1953) sngrem theresn,

p

itﬁha:a snﬁ m‘rke."ﬂ?‘ «yamiped *he w" &m**‘ lom of m

(D71 me’es, K s b:ii"!"kﬁi‘:‘a svd T K. Eryakova, Dokl. Akmd,
*&ak,&ss,z_@,ﬁsg(;gjg}. - B o

-

using cookined f:u"f-re tigi ‘herme ;:!2..‘:’ i3 3'3) and ﬁﬂ:saz gas ar;lysix

-

“(BsA).  They fouwn an ez:—fmfs-':rti; ffect at 154-161° socompenied by evolution’

of one mol: of hvdrogen. a seoond endothermic effect ot 197-Z27° resulted -

in anciner helf mcis of kvarogern, with ~he firsl Lydrogen svolxtion ceczwing

at SBG--%7,




bl
n

- 5 Exi:;s- ;..g. t&?- .‘:i?::i:{;- of 4 fﬂ:re::?ia}. scamming alﬂ-rhetq, iﬁ'«:t

j&f Gﬁ}' %zrii’ie:i the fhtee crndothermic effests repor*;ej b ﬁm 11:

-

g

}'}3 fb‘ B*i. F. :u ;._;, -!:‘-9!’ - {M, }& (1%5}. . T o

. ‘ . ; _ -
T . sddiiion E_cs fz!ei;z.g e eXothermic ez‘tes:is. one af theze was srzociated with

(8]

decongo: ”‘mﬁ res--’-,airsf., from = a.rta:e resction as m*e:l by Gsrer. aui h;!cock

e?.her, snd- ke se:m t;z‘n ke m;&i& r&a"'m sm is egmi::m 3.

‘:henﬁsﬁo’ ra.i? inss 31 ':Jnﬁ. mssm;mgﬁ ka‘tkmtm-ie

comsizten® with an Bl pesk showirg Iossfpt coe mole

1 7”

effest they e{.asr?&i

aole of z..m;. The ¢idoibermic effect that Mkieevs lad
“ich WY '-.uarly ie-msz:ai:.eé *& s mn}g

of ky¥c 3k per
I _m%ﬁ: n:.i: ‘-51_ aeatgz;ﬁ

we ?fés;é ¥ thers wrksrs. - ) - -
: “ﬁ;c?ﬁmﬁm‘smt&%eMctMN

i

’ (5) B Wearty, Jr., Jo % Yesoock, od Ve R Poi Verncker, 7. Pgm. -
Chem., 12, 009 (133). S RS

£ ¢ o .xrss:gixx of s ssf.a-e -sfm.‘-x., z

X
i
¥
%
qh“ |
i
§
;ﬁ

- whith ‘hey 3I30 propos=d sz ke M‘.__::t of *he initisl "-:mi‘:iu&.
B ;.. e : ) €
: In s furisr f*s:: <% fhe thermsi x«:q:.i icn By Kikhecws and Avk¥ pov,

T =T {6} ¥ I Kikesvs 3xd 3. KoOATRBIpOC, Russe 3. Indrg. Chesms, 12, 1066 ‘
(1*’?’-‘ oo ) M - - - ) - H

-
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sugggsted that the stoichiometry of equation 1 might represent the formation

- of IigAlnﬁ, g complex metal hydride reported by Ehrlich;7 They confirmed this
A ] .

: (7) R. Ehrlich, A. R. Young, G. Rice, J. Dvorak, P. Shapiro, and:H. F.
; Smith, J. Am. Chem. Soc., 88, 858 (1966).

conclusion by X-ray powder diffraction studies of partially decomposed LiAIH) .

Achby and Kobetz8 reported that the controlled pyrolysis of NaAlHujleaq‘

f; (8) . Co Ashﬁy'and P. Kobetz, Inorg. Chem., 9, Eéé (19¢6).
; to the formation of Na3A1H6 which they had been able {o prepare independently
from sodium, aluminum, and nydrogen under high pressure.

P

3Na bAL+3H, - NaAlH, (&)
i 3 NaAth - Na3A1H6 + Al + 3 Hav | (5)
i}' We report here an initiul sccount of a study covering several compléx.
E . metul,hydrides in an attempt Yo systematize the thermal decomposition of

? complaex aluminum hydrides,

% Experimentall o
;é Preparat ion of Cbmﬁoﬁnds. -'Lithium hydride ﬁas obtained from Alfe Inorganics
;? Az a B0 g&spersion in mineral oil and used as obtained after washing several
Ei bimes with diethyl sther. Godium hydride war also obtained commercially as a
i

H



~ - mineral oil dmpers ion d,nq similariy \reared. KH was prepared from potassium
metsl and hydrogen in an autoc ave. LiA-]Hh and NeAlH), were obtained cou'mercially

and recrys’fammed from ether and tet rahy'xrofuran- Loluene respectively. KAth

o

was prepared oy the in‘c-eraction of Al'ﬁa in diglyme with an excess of K. Thé

z product we3 :n,o.Laieu Ty toluane precipitation. ngnes fum aluminum hydrice

9

co'npour" Wers prepared as reported in the literature’ as were amine adducts

. R - - -
T
» . - - o

(9) £. C. Ashby, R. Scliwartz, B. 1. sames, Inorg. Chem., 9, 325 (1970). -

v ’ij I'iAﬁlHk and NaAth.lO L'3A1H6 and Na

3A1H6 were prepared lby literature metljx,gds.ll‘ )

-7(10) Jo Ao Dilf:s and B. Ce Aahoy, Inorg. Chem., §; 855 ‘(1970)

»

(J.l) E. C. Aal" y and B. D. James 5 Inorg. Chem. > § 21&68 (1999)
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s o ~j £im a.*anﬂom. D"’ -'.PGA mess urcmentﬂ were performed on a Mettler “‘he“m-»

’”“,

: \"': : anelyzer TI. mples mere contamed in elther alumina or- platmum crucibles

PRk

""[‘ww|5'nuzmumlnnhuﬂ“ijnIii!||w1Imn|.mg'nwmmnvumnm 111%:1nmw."1iw§".j‘g‘wm‘,ﬁivhh:wmnnm.!

usmg 60 mesn alamma in the r°ference cruc:Lble. Heatmg ra'lges betweep 2 and

. 8° /'minube ;were evnployc'i. Samples were loaded Aonto the thermoanalyzer under

T

an & ‘wosphere oi ai'gon and an argon afmosp'nere w’as mainteined during the run.

o

‘ nampl!: w—lghr, was mom.yoreu on two senorr:w.ﬂ;: es (uaually 10 and L mg/mch)

: - ¢ 8o that gross welghu losses, e.g. solvent, as well as f:me lo::see., hydrogen

g for example, could Be observed. N -

Reé*ﬂ:ﬁs
Qur otservabions on the therm»al decomposition of L_;}AlHi* are .ﬂf.n»ag;'e_ement

© with those off Mikhesva and Arkhipov,.‘ Figure 1 shows the clearly resolved

=Y EErAIASse e - = T T T VRS S - RTeTTT - S ’ f e
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endothermic phase transition and exothermic effect, the latter being associated
with s loss of weight. The second endobhermic effect can be e‘asﬂjr associated

with ’ché: decomposition of ImBAlHé as shown byif':-he superimposition “o>f th:eﬁ_m'A‘ ) :;

curve for this compound. The last endothermic effeet is due to the deqomposiuipn
of LiH in both cases.

L iz inberesting Yo note that the decomposition of IiH formed from

23]

LiAlH, and:Li,AIHG appear o decomposé%t somewhat differeit 'Lemperatm'es.

s
This cléarl—:' '--dicases the possibility of a solid etate reaction between LiH

and aluminum, as has been suggeeted by Aronson and Sal*-zanc.P In the case of

. ;19) $. Aronson snd F. J. Salzano, Trorg. Chem., "§, 1541 (1969).

.T_L,Arh -y less aluminum would be present for a gwen Jmount of LiH am one might

o expec’r +nat the decompovlflon of LiH would cceur at a hlg'her temperature than
ishe,.xe:;atively aluminum r:ée*;%mixture obtained from t:-he:decomposition of ‘I.iAil.}Ih.
é‘"hi; is obcerv&d. } ‘

T4 the ogge of N&Aldu, i e shepwize decompésiﬁibn:is not as wei:l résolveé ‘
as with LIAIH) « - Figure 2 shows *he DIA~TGA plots for I NaAll. A strong enaq_thermic
effeci. (165-205°) proved to be reverzible and is associsted with a pha[se chaﬁge;i
This endotherm is adrompanied with a smsli veight 165; if:the hydride is not of
a high degree of paitys Two subsfequent endobherms are sceompanied: bv weigh{;A
losges corresponding i 5% of ihe hydrogen being giveﬁ off. The TGA curve
does =oh have 1 uniform ilope and snows anr inflechion peint consist:e;ﬂ; with
the formaticn of Na3A.'!'.I{6 according to equ;_ation__ 5. Comparison of the I;I‘A ~

curves for NaAlH, and Na3A1HF Fuggesiz thsei *he zecond of these endothermic effects
- )

i
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asmcia%—éfi with %he décompasi*ion of Na3Al}£-. The last ~endoti1,ermidr effect
(""0-3&0”) TS ul*‘:: i‘rom thz aqecomposition of WaH. Agsin the m:gi.'mum of the
NuH pesk seems to show a dr—pr-nderwc on f‘he presence of" a.mmirrum.i The effect
is l-:—s.z:‘ promouticed’ ﬁnan was ols r\red in the a°comp051+1on of Luf.
e i‘hermlt deujC{npo: it:_wn of FAL»!I* is quite similar r.Q ‘that &bsemed:
J for Na;lmh. The we;ight, locs de .ut* clearly r%ol\fr-d although an inflection.

point in vthe PR curve is evident, Two endothermic effechs correspond to &

,&om o" 'Z'- nnwemf 4he hvdrogevz axd the third endotherm results from the

- 1ina.L demmpcu+1o'1 of Kh ar is frnown bty a supe:::xmpqs:.tion of tl;e DIA trace . -

of el (Figurs 3).

:mgne‘sm:n Hydride. - The :Fnern;al decomposition of MgH9 “preizavzjed from the —

elements has been studied fairiy e.ftens:.vely.la’lu’ 15 Ex_t-fapolation 701’, the

(13) & Bou..ghet, J.- Mo Blanchird, E. Bonnetet, P. C’laudy, Bulls Soc.:
chim. France, 21, 18+.L (1969)

(1««) Je Kennplly, T We Warraig and H.. W. Weis,_,;I. Phys. Chem. ’ &, ~
703 (1950). | ~ - |

‘(J 5) 5. ¥ Humpﬁr, dre, €. Ee Holley and J. F. Subtle, J.jAm. Chem.
Soc., 82, 3304 (1%0) T : ]

decomposition fempsratures obtained as a funchior of hydrogen pressure indicates -
a_»de;'ompc,siﬁicn’te@eraiua of 3007 for this form of Mgie. J&sﬂé mey also be

(i5) 5. D Barbarm, ¢. Dilisrd, A. E. Finh nl*:, T. Warlik, K. E.
Vil.e!h 2h, and He T. gchlaa,:. ng, Ja AR Cheie S0Ce; T3, ke85 (1951).
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: Mg(rAJgi ) ol THF was alsc investigated. The thermal decomposition of these s_peéies

Magnesium hydride preparsd by this method, which used ether as the solvent,

© coniping considerstle (207"{-) -kher. The DTA-TGA “b'r‘ace shown in Figure 4
indicates ihat movf of this ether can be removed before fm, mgx{esium:hydride
beging o decomp05c at 330°. Magnesium nydride prepared by this ﬁethod' uéing

“THF g » zolvent hsg u similar i;nerma-l shablility to the ethcr conuai”i'ﬁg hydride, -

bulb bho: shape of "he LTA cveve is co sideraviy difzerent. Yhére is no «evigen\_e
of THF clnavagf and *re difference in:curve shapes TaF 'm a feature related to

subtle 4ifferences in the physical state of the samples.

. - The *hermal decomposition of ClMgA~1H,+-h THF égd;

is comph"ated by protabvle c'? esvage of Al-H bords by THF. An endoﬁhermic z
effect in fnp decompoblhun of m(Ath) « LTHR at 170° is acccmpanied by a weight

lo.»s greaier than can be explzined by loss . of hydrogen alone (Figure 5)

l

Tha tha;'ml decomposi*:ion of MgAlH,;' hTHE and BngAldk-l#THF are

similer snc eniy the C w;(' case 13 shown (Figure 6). The endothermic effect <
‘el 110° iz reh suggestive of a desolvation process, but ra1h«=r c..eavage of
aiuminum-?.;,v:".roéen 'rox;ds bty THF. This is further suppor ted Dy the high temperature ‘

weighh Josz. Rebween 200 and ‘400" , 8 weight loss cqrrespondmg to 13% of the

0 l‘
<

origiral sampls 4:‘.: o‘oaerwd while the maximum expected for decomposz.tion loss of

all hvdridiz hydrog.n would te only 1.1%./

Th= desompo: itivr of AlH, I blaged from THF shows feabures similar to the
3 ous
decomposition curve: for magresivm aluminum hydride (Figure TJ, especially the

iow fcmpezanure exc..herm;c Pffe. L followed by a ‘ugh temperature weight loss

(300-40G°). Without ECA, 14: is 'Tf:t rossible to charactesizs further the thermal

«
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”&cﬂompo..;'.o-’x of thete compointa.

LiALY, sdigapde ~ The TECA (¥ rw-ﬂr“’»nc&iamim) ,-izamplef. of mm,‘ shows Two
endctliermi- olfects (F‘.I.E’u."‘t: 8) l‘r;e sec sond o these iz gimilar bto the effect

'observed in the case of LiALK) 23w otrun which was shown %o be due to the

e "y

- dneonrbmi‘ ‘on of i-m in ile preience of aluminume The firs® cffec'c which is
. S T m:jor weich oss (296°, W.2% weigh' loss, T34 csle for

- amine loss) correspords “o vhe decomposition

L. L mAm TR 2> nHsmma+3en, +ar o (6)

=

; The net mf‘-"* 01 amine ccordivation is t‘ne =“?i zation of fhe complex metal

'h;,ﬂiride’: At a ;:oiné- whers deco:ipési ion 'cecoms appa‘renf, 113A1§I6 would aimdyf

g be d—-cou;soumg (decampesﬁ‘orr for ,L:L.A.:L ztartz &% 182°) so thzs oo-ponﬁd is .

\y

? ‘Bt i‘orme:i sF an int erms d:.a;f‘.e v;: 5+ s fha case ci‘ th fhe'ml dccomszﬁ&n
i:“ . e of m\m i. ‘eJ:. . Zt /i’:‘{a}soj 'riteres%ig- 5 no‘-.e '}hdA!- m.ﬁlm h‘,b :n
:; = apprer‘i:'r:-};ig,her‘ -:i:e,co-mpésiti‘;n eﬂ}.‘--!‘;""’é qmspro;cr; aatlon as shotm in
=§ - V .egua:ti{m 1 soes nob ocoure - - - .

o TIALE CVEDA - SEH + Al TERA - -

('S

. A‘ (’.:iﬁmh), TMED: has, in «ddi%ion ‘o vhe %o evdothermic deéon@usit.ion
e:f)‘.’zf:~ 5, wn endothermic peak sssogiat=: with a reverzibie phahe change (Figute 8).
'!;-5,&1‘-{&'25!..*" T oshows ban erdothermio &t 1‘ "ty accom}:a?.icd‘ witn the nfrfj@z (Toss of -

Hgand) weleho lovce  IF wa- no® possitls to determing if one oF these wus due

[ VRS -
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toa pha«e change because their trausibion temperatures ocsurred so closely

together. For clarity of preséni:z_atibn, TCA dats was not ploffted on Figure 5, but -
ha':e toen summrized with temperature data in Teble 2. A

h'aAlh, Amine Conpleres. - The H,K* ,k’ ' H ree te‘:.rametifqlethylenediamine comples

53¢ ,ﬁaﬁ.“iz' (Sah"’ 'T}ED) deccrposes -,hermally &8s expechbed for a siwlg solvate
(Figm'f_: 9). The Tirst enﬂc’i‘herm@e ei"fect is the resuli of & phaée‘ ch;nge and -
To wéighﬁ 108§ was méed._ Tae second endcthermic effeet is accompanied dy loss
of 59.¢4, of the weigh® of the sempie (Calcds for m-m&'m:n; 68.3%)s The -
»re:mmang toree endothermic effecte sre con,éisjtetat{ with the decomposition of
Hal‘sll-.:{_ wkich is shown superimposed on the KaA 1Hy, - TMED: traée- Differences in the
197@4:55}; of the pesk sre not surprising in light of the different heating ;atég’

used. {Tabie 2).

'.‘he. mi:erpretatzon of the da‘aa for decomposition of RaAlﬂh TEDA is not
s0 CJ.&&!‘ eut (Figure 10). Vnne the ,Last endo‘hhersic effec corresponds to tha
Eégm sition. of ‘NeH,. the exzel ;’aa*'u'e of the ﬁecomposition leading to this
_product is not cleer. - For ex:;mp;e the weight ]pss for the first :exothgmic égféct i
correzponds 16 loss of all the TEDA. 7 é"ne hydrogen loss however cannot be
resclved in fhe missive weight 1oss —o'f’ the amine. The DTA peak cc;'resﬁo;ndiixg to ;

this welignt loss is7in the same region as the decemposition of !‘aAle‘_ sng may be

& compusite of the three processes, ) -
’ =

) NaAlH,-TEDA -~ NeAlY), + TPA (8
3 NaklEy = BagAlHo + 2 A1 +3 Hy (9)




or B -
3 NeAlH,TFDA - NaAlH, + 3 TEIA +3 H, ' (11)
- D -
fellowed by equation 10 -
or -
o " NeAlly-TELA - NaH + Al + 3/2°H, + TEDA . fa2)- “
] In light of the behavior of NaAlH) *TVED, the first sequence of reactions
- seems most plausible. Further there appears to be a gocd correiation bétveen
the shoulder on the first endothermic effect ard the endothermic effect cf the
% ) A o N . ] \ o '— B . ' . - - . ) ) -
. :RaAlﬂ,"TbE?: decomposition which is svtributed-to the deccmposition of «Ha3A]1{6-
Z ‘This is only incirect -evidence however.
€. s - Discussion
N The firs! generalizsticn concerning the thermal decomposition of complex
- . T Cz : 7 }
z - mebal hyirides is that the samc order ot stabiliky (witk rezpect to the nature 3
S c oa s s B Comrared Fo MRR. o miond ; a. LT f
i s of M) of MLiH, compounids as compared o MBH,* cempounds has been found, ™
-7 7 .. < (7)Y B. Se Stazinevich and g. A. Egerenkoj Russ., J. Inory. Chem., 13, S
P 3% (198). ) : _
- The Inerease in stsbility follows the facresss in oalion size {Bi < Wa < X) and
’ ) the simpls in*erpreciticn of this order it rased on in-ressing sietilizing power
. - |
p . . ) R
e . .
e
- 3‘;- Eoe T e ——:_——~— R e T T -T T ANy P - P Z o ¢
< - — - -




B

.
A= S A

'

<161

of tho larger cation. Although it is difficult to put this argument on a sound

quan"t 1ve Lasis, the suggesticn that the degree of distortion of the BHh

-tetrahedron utrongly effects chemical hehavior of BHh compounds, has been

~
A .

made.lﬂ

g

(18) 4. I. Schlesinger and H. C. Prown, J. Am. Chem. Soc., 62, 3429 (1940).

While cur esults with LLAlHu substantiate the general finds of Block

and Gray, a: well as McCarty, Maycock, and V‘erneker,S there are beveral points

of difference in interpretaticn of the DTA-TCA data.

The work reported here was performed on a LiAJdu sample that had been twice

recryctallizad (onc« from ether and ouce from ether-benzene} we failed to
observgﬂ;he first exothermlc transtion thet Block and Gray attributed to a
surface regction and McCarty =t al. attributed fto a melting of LiAlHu. The
presence of siher may account for this exotherm and/or the darkeﬁing of LiAth
at this point. Our samples: were esgentially ether free and'qo dsrkening of the
samﬁle wr noted throﬁgh the first endothermic effect, In further contras§
to MceCarty ot al. suggestion, even slow scan raves (2“/minute) still showed a
distinc! endothermic effect.

Wnils nothing definite was concluded about the nature of the impurity

giving rise to the exothermic

affect cbrerved by these two groups,'gpe work of
19 '

Dymova Cte al. ~.cn the -thermal decomposition of LiAth°nAlH species is“quite

3

(i9) 1. N. Dymcva, Me 8. Roshchina, 3. 8. Grazhulene
Dokl. Akad. Neuk SSSR, 184, 1338 (1949).
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gimilsr to the béhai‘ior observed in the impure meh','samples.'  The compound

claimed %o be Li Alk,, deccmposed wivth a strong{ exothermic -effect: from 160-220°.

The sxothermic effect following *he endothermic phase travsition (only
exotherm of Figwre Y¥) has widely teen interpieled as indicating the formation )

. e . - . N N -
_ of LiklH,. Recent work” hus shown ha* This compound is moss probably L_LjAlHG*. B

60mpari$cn of the thermogramc c«f an authentic sample of Li3K1H6 support this -
conclusion. (rigure 1) ‘

 The thermal decomposition of LiklH) is then sulmarized by the following

equa‘a ZONS.

: 3 LiAlH, - LA, + 3 B, +2 AL _ (13)

LAl =3 TH + 3f24, 441 T2 - (1)

oL uwHsA S "HAl =W, . (15)

o - The last resction is of indersst:in that pure Lik melts with little

= - decomposition: a® £8C° while TLiH in the Twesence of Al me%sl has been shown to

decompose at much lower temperatires, presumably invclving s solid state reaction

between I4H »nd A‘l.l"' A thorough study of this reaction hus not besn made, but:

it would appesr thzt ‘here is some r.legendeirxce, of the ‘amperature of decomposition

on the ratic of Likto AL meisl. c

Rer.i~s from zhe TTA-IGA tnmdy of R-:-AlK_«; snd FAIH), suggest that these

i

- complex metsi hyirides decompo:e ty a meckanizm similar to that found for LiAth.




Figure 2 illustyates a ’rypmal re:ul* for the thermsl deconpos*fion of !lMlEh
Following s strc:rc‘ andoﬂxermz.c effect which s reversible s&nd associnted with
:a phase change, ts.o endo’chermic effects (212—2}) and- 250-300’) occur A
concm:renuly with losz ef % of the- hydridic hydrogon. though a clear bresk ¢ '

in the TGA curve is ro+ cv,:.:xen s vnecu— isan mfler'tion point sug,gesting t!nt

the loss of hvdrogen is oceirring in twWo s,eps (eq.a"mns 15, 17). i

3 ReAlH, - N AIH 43 H, +2A1 (16)
b 3% Tz : - —

| He AlH, - 3mm+a1+3 2 H, - an

-

The -high temperature endotherm (300-402°) is most Teasonably assi'gned toﬁhe -
’ ‘&éconposition:of Waf. The conclusjon that NeAll, decoiposes through n-3Am6
“is supported bv the thermsl decouposxtfon of sn authem;lﬂ ﬁanp e -of the latter

wh:.ch unnergoes decoq:o»nmn in the some rerion as the hzird exﬁothernic

effect f‘cmna with ‘KaAlHk. =

The DTA-TGA *racs {r KAlW, shows thPee endothermfc effects which sre - _ -

.acmmauea ty weight loss. Again the formation of KQAlH . is no% clearly resolved

- in the 'ur\ ﬂi;.rve, but is stror.gu SUgge ated Y7 an mflection i this curve.
r'omplexe.: of the type E:f-.,*.gz_,‘_'}. (v = I.i or Ka and L = tertiary aline) have
> . been asszgne& two probuble ztruchires cn the bas_s of infrared data (I and II ] E

below).




- - The thermal dccomporition of - Lpecies such a5 T migkl Ye expazted to b

P similar o tEat of the parent comples Fydride, espetially if coordination werc

venk, . :cépo&ifi on oF IX mipght te sxpected fo ke aarz Ac@licated in Iigkt -

n |
w zl e

;,he dkil‘é slsme character this compo-md would ;;‘: expected Yo shou. A

: _ prediction Yessrdine The reiwtive 'hermel gtsbilities of thece two altermatives
_E . = X - -

f L is slzo y;);;s:x::ie; The r.;i:, effest of smructure : would be a r&is,sc tion in the: -

. digtortidh of the Alf, tetrshedron thrcudh sovalent interaction with the sikeli

£ - wehal as well ac ef:;“':s‘:,*%':irg incresszing the size of ine cation. In 1ight of R
._ the Vin;r&ssir;—: 'i.«:rna.{ stsb i:iiigf of t?.e:ﬂii‘.; ssries, iy s anticipated thet-

such 2 riolxs #0uld resuis En sn entaneced ‘hermsl s‘atiii‘?. Increasing

the 1;33 Huyactar a5 3 1o fale in ifructure IT mignt be snticipeted fo reduce

<
R t!‘% vs.'!:' e G- 5—‘»‘3!:' iii:;:{. - - ’ - . T
. : The 3:’531?:2;':?&2* i:i_ie:‘"?_&{;:jf-:_{ bosition indaives the initial ’o.,s of aajine

(80-155°) Doliowesn 13 3&%&;@;-_‘:,{ of tre vemmiring ReAML (F.m... S)e Inter- . -

= | prefytion of The txneresl desosgpmsxtion of HsAiH SIFTR i¢ more complex. The -

: : esdo*;he:-m;%% etlaxy Suoaring Ivsm D929 refieoty = wsishs icss corresponding
: to loss 211 The akines (¥ztle Y. & shoilder ov'z *Lis endotherm suggests -
thet c::tz‘.cxz‘rv::‘r with the losk o sminz, HehiR, }iﬁﬁ;? te :iemsiz;g to #ive ’ga}Amr;

. whose Jeiompo-itaen 17 reflizted v tne shouldsr ot ZG7s Fal I3 produced s

* of tr I GEEOI1SIOn 43 -srizenced Ly an endot ezrn, =-£e-“' a% 350-k257,
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acécqcsit.% It is wz.
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its ’::ara"*ﬁr“‘““ s'r‘*:rgm}

if this LiH is prod=ced iirectly from the Mﬁiﬁn:q

intermediaie.

MAlRL « LA 4K = 2R +L (:8)
q - i Z - = . z
CFLEAIGCL = LA, = +241 fﬁg;g:—:»‘i. . (319) B
The hormel deccmgosition of species i:i'eo. iy ":bni% m ad Mg
is 1ot iy=iskt formeri. Somavel ;‘,rir.-:r Iave e’asmzi &t m e~
loges 38 TEF ooiveisd mETET B -wi—a;&; by eetisg aﬁa acuus viM ]
e o afe - 3G, 2¢ o
: lczs of Yovoer Iram ths -,,-.=§§. X 23 'fc,; =L TCOROTeSSE,. - ine e
(:?1;,-»." Pros-k @4 J. Bermeuoxn, (Raisotiom Szech. ihes Comeem., 31, 3555 .
(l .-” . - - i; .
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(Figure T) shows a number of features which awe suggestive that some alkoxy ‘
aluminum species may be present in the decomposifion product of these compler
~magnesiunm liydrides. - - ) ) - '
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Table 1

" Thermal Decomposition of Alkali Metal Complex Hydrides

Compound Thermoicity Range of Transition % weight loss -
NaAlH) > Endo 165-205 - (phase change)
Endo | 212-250 .31y
i 5.43
Endo 250-300 : 2.06 ) -

Endo T 300-bop . 1.63

LiAlH, Endo . 150-  (phase change)
Fxo 175 - k.es»
Endo . 180-22h T 1.97
A -Endo - 362-425 1.76
KAl  Endo 235-280 i3
Endo 280-320 )
Endo - 320380 0.77 -
LA Endo 82227 . | ‘
s Endo : 370-hs5 -
= b

ol Endo 223-305 " ratioc of wk.. loss

;Na- %A;IH
- Endo 395-405 } 0.97:1

a -Heesing rate = 2°/min

b Heating rate = 4°/min : R

N B b -
- B e T CE R, -




- - ) Endo

| L4AMHTMED® - Endo

- ' Endo

(1iA1H,), mED°  Endo
- Endo
% Endo

Al TEDA® Endo
i;Endo

NaAlH, -TMED - Endo:

Endo

En?o

] - - o Endo
3 Endo
i a Heating rate = 2°/min
:-: 2 Heating rate = 4°/min
¢ Heating rate = 5°/min

Endo -

NaA1H, *TEDA™ Endo

L = : ' Endo.

Endo -

: 31;‘0-\1{2_5;_
175-180
182-205 .
360-430
100132
16,7-207< _
395-420 .
200-238

195-290 F

8h. max. 260
290-3,70
©35-50
80-154 7
163-2000 - -
235250
250-290 7
290-365
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‘ Table. 2
Thermal bgcomp‘osition of Complex Metal Hydride Amine :Adducts -
) Compound. Thermoicity _ Range of Transitiom 4 Weight Loss
= LiAlH *TEDA® - - . Endo 196-238 76.2

0.35

T3.1

0.36
Phase Change )
5601 .

O.ﬁ

59.6

0.56
EaSe_ Change
"60.42.

Phase Change
L6

0.2




Table 3
Thermal Decomposition of Magnesium Hydride Species
Compound Thermoicity Range of Transition % Weight Loss
; MgH,5(THF)® Endo 3h5-ho5 P
MeH,{Ether)® Endo - T 320-360 - ————
(A18, ), THF® Exo 35-90 3h.
Endo 120-172
g 5.4
Endo 172-192
" "Endo » 205-230
Exo 360-495
_ - - 16.k
Exo . 495-510 ,
Cli@\th-hTHFa k Endo 50-87 19.6
Endo  ° 871-11s . 163
: Exo | 115-160 11.9
‘Endo 160-297 T - 549
~ :Endo T 297-322
: . 2% B
- _Endo 322-345 / :
Mg(AIN,), THE®  Endo %2-170 . 38k
Exo . apase - 26:1.
Endo o377 - *
N } B
Endo b1 L4ho

a Heating rate = 2°/min
b Heating rate = 4°/min -

¢ Hesting rate = 6° /min
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] Figure 7 )
A —<= “TGA of A‘1H3 from THF

B °****’** DMA of”AlH3 from THF
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* Synthesis of AlkyY Megnesium Hydride
E. ’ Ce vAShby ﬂﬁ'ﬁ H. T. Vall -

Abstract
The ‘syh{:hesis -of alkyl gégnesium E}iridés by geveral different pathways .

is: now- under inves%igatiagaf _These include (1) pyrolysis and hydrogenation

-of dfalkylmegnesium compourds, (2) reduction cf_(;::igngrcf reegents and (3) redis- .
“ tribution ef dialky;mign,:_siuu compounds with magnesium hydrides.
cxz)am —) Rm{,,c:13+xc=tca2m (1)
- - \§ ) - B T;‘ .
© ROH=CH, + Rmmaxzmn : (2)

N}

RMGX + NaH —~ NaX + RMgH = - (3)

R e, - 2(me) (%)

ST - : : Introduction
g B - G‘.:E. Coates,' et Aa"_..v,:l have reported that diethylmgxesim and i

T L sodium triethylhydr;donorate redistribute to give diethylm gnesium and magnesz.um

Lo {1) G. E. Coetes and J. A. Heslop, J. Chem. Soc. (A), 514 (1968).:
< - hydride at 0° in diethyl ether. When the reaction was carried out at, -78°, ro
= -— N e R -:-"-——‘—————-v-—i - ﬂv Al ;—-—*-—wg - . W M e s e sy
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magnesium hydride precipitated. At -78° a sample wag taken from the rzaction -
flask and hydrolyzed. The ansiysis gave an ethanechydride retic of 1l:1. IT
the original reachtants had been vresent the ethane:hydride ratio weuld have been :

2:1 for an equimolar mixture of Adiethylmagnesium and sodium triei;hyl‘kzydxidq:-

borate. The following reaction was proposed: - T
BaEtBH + Et Mg = BLMgh + HeEt,3 (5

Coates reported thet ethylmegnesiom hydride is stable a% ~78° but starts to

disproportionaiz at -20° causing msgnesium hydride to precipitate.

2A(BtugH) = Et Mg * MeH, o (6)
Since disproportionation of ethylmagnesium ‘hydride would be expected to
be more facile in diethy: ether, most of the proposed syntheses for slkyl
magnesivm hydrides were carried out in hydrocarbon solvents. Alkylmagnesiuvm
compounds other than ethyl are being investigated in the hope that they will

prove more stable &t room temperature.

52}?:'.‘3‘3;?23_‘/ - A Mettier DTA-TGA was used to séudy the thermal deccjmpos’:itions of
dialkylmagnesium compounds. Chemical reactions ard vmnipulati-ons were éccgmplished
by use of dry nitrogen bench-top technigues or in a ni‘crcge;l filled glove- box.
Infrared spectzra were obtained on a Perkin-Elmer 62i Spectrophotometer. : Cesihug

Todide liquid 2nd 7mull 2¢lls were uéed.i A 60 cycle Varian A-60 was used for nmr

x
|

—_—— - —_ - - - - —_ N - e e —
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spectrs. Gas amly as carried out on 8 high vacuum 11ne.2

(2) I. F. Shriver; The M tion of Azr-Smsif'ive ggp_omus,
B Mc!} aw-Hill, New Ierk, Aew York, l 969)

) Am;vtical. - Haiogen analysis was performed by tl'z- Voli:ard method. Magnesium
analysis was carried out by trhra-..mn with EZ!TA Aluminum ansiysis was
carried out by .excess EDTA addition and back t’i‘ Lion wzth zine scetate

: solution.
Ezzfs. - Benzyl chloride was dried over caleium ch?.criae then. d‘st:.l.ed undexr
’va__cn'?s. Alk'\yl ‘halides were dried oirer calcium chloride then distilled.  Dietnyl
ether was dist ma over lithius alumn.xa hydride, Se&iun; hydride :m minezal 7
oil was obtained from Ventron Met&l Hydrides, Inc. - Benzene was &is(;.illed over
socdive aluminum hydride. s-Butyliithium in cyclohexsne was obtained from

. Lithius Corporation of America,

'Pcegmtion: cf Di-;:s-mi;iluéesiuﬁ.?’ - A sc):luv'aion of _s-é'butylugnesitiﬁ» (1 mlar)

(3) Conrad Kamienski and Jeroae F. Ba f.oh&ﬂ, Je. _ﬁ Chem, , 3k, 1136 (1969).

'j.ﬁvfdicﬁ‘fxyl ethér wad prepared from s-butylchloride and ‘g\agnesiua netai. The
analysis .of the reéulting salutiozl .’g.ndicatéd' & butane:magnesium:chicrine ratio

ef 1.01:1,00:1. 1%, Tie Grigmard reagent ves “efluxed ard benzyl chloride added

in 250 mmoiar amounts until 1 mole had been ad’gﬁed.- Magnesium chlqride precipitated.
| The precipitate va—'ti 'i{s,olated f'b;_r filtretion and wushed with benzens. 7 The lasi
“trace of ether was removed by codistillation with benzene. An analysis of the

meghesium chioride indicated a magnesium:chlorine ratic of 1.00:1.9C. A molsr
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over = perfod oF % daye. TOF insolulle meiurisl was £id iiT=red ar i dried ia

n-bubilmserAiia ckleridesristhy Caminate. ((}U moisr} was prepsred. in benzenes

IE STIPe? o A0 over 2 Terisd of It moarz. Iothium cbloride ;re::f;.\&ta*ﬁ-:x

JezTing Ai-s-t Ayimsomesiug i 9 mixsd colvent of nenzary spd -:fgc‘aahéxa‘».":;

- — - = - - - -;7 . . g - '—s
3tered gvd *he oaivert Temead In vasio.s HE
- ==t SR :

sal:z‘tio:z

showad The following sbeorpiionsz: 959 7 (Euitinlet), %77 (,-’ir.,-}, 0.33 r
Hoklet), 207 {= “f*«.r.: '} ar..'i}-. aFscrplion cez:-.r:ra;‘ 2% .57 x:"-meﬁo a
e e of o '.r,-;ri ) i “;f _ o _ e
S.:n:.a i;;fér'iié wnd G-Eutyurasnesiue Shioride. - Sciise :'z;":':_.;.rie (=5 ~anoh’a) WSS -

stivred Jith :—tA,J‘mgr esivm choorise (&5 mmois) in G0 =i of triethylsxine

:‘.5‘*"93&:; mfzc of

J.OC 0 mazassilg ang c..:efx'c wEYE 3bsEnT. Ihe 3’::3.’-.:;5;‘..-, of f:_he, ‘ilt_r:’te

SRLOTinG ratio Lf et g%, ;:; kydrogen was

ghcent, ; .
IAthive Syidride snd n-RaSylmasgesis r’fn.*criﬁeefrzcix:?iaama te. - A& soiution of

-

w

(%} #. . Ashty =nd R. Reed, <o Jrge Chsm.; 31, 973 (3968). T
ire

ratio of ;..f.;u.(;e.l.()?.

Lithiwx b g ide %S prepared viz bvdrogeraticn :of *-ouiyD2itklum ot 3000 vsig

“ana 255, Pae analyriz indiestea g lythiumshyirogen ratio of 1.0C:1.0C. Lithive

fy

hpdrite (-0 mooles) was siirred with n-vwryimsguesinm ohi ori.iet trie‘.:hylaminate




(50 mwic) aver & period of » davi. The reziius was £:1tered and araiysis

- [
.&é‘:ua-tg. ide ravic of J1.OL00 ond chlorids wa: abrent. 'Ihe
BLisliis Irdicatsl a4 dagTes i £ cJslorane r;f*zo ot 1.01.‘.6} and hvdrogen

AT .‘L..aﬁ 3&2 &Er:.f-szz' Hyiriie. - Megreaium hraride {28 ux»le) *2S

ed Ty SYirring 4 é§‘h*‘m.‘!“£ zize {3 m.f.e) ard itpiam &l*ﬁim ‘z:*:ériée

,
)

OFEY & ye*:mei of & !R‘;)"ﬁ " ThHe rezisus 3!;3j y3is i:zdica-,es 2 aagnesz&u:hvﬂmgen

ratia of 1063300, Ihe f13 ,r::.?;e arly iz md:.ca*e& s xat of tutane:sagnesium:
hydroger of 1:45:1.00:6.81. The 1rzfr4m S ctxa of the f:}z te gsve broed

»stssorg*ionfraik?‘aslm&:oz ar:zi'l?'cl L to k55 en™hs The mmr

s ~ .spectra cmshan:es several. exi*azze-::.s tigwmis arv* Ty int erpretation was attespled.

FHEE . . in stso‘h.r experimen*, sagnesim htdrme s prepsred ;1 rocve (25 -ole) »
B o ti.?i‘aered arai '-‘tss‘bﬁ with bsrééne. T{’ZE‘-: m@esi%ihyﬁ:ﬁ_egaséﬁhmd with di-3-
1 : bu*y.ﬁsr.es.m (=3 xnole) : benzene a% 23° aver a- {zeti—oa of 2 bours.: The
T Iixt.:re Vas‘ z,-utex‘eu at;d the ".u.tra-'e sm_l;s.a indicated » mgnesim'hyﬂmge:- :
. =g ratio of 355K 1.00, Il;ae fiitraze aml:;sis indicaked 2 bu Are-mgnesiu'hydrogen
= . -, xatid ofr‘L}.G:itGO:O.ﬁv, the alumizam:magnssium ratio vas found to be 1.00 .6.00.
f ST ) .An ji:'ai’i'a}:e::‘x séattf‘a. hed broad at}smq;iij a¥ Rﬁozcsi * to 790 ce s!-a 350
. T 4o 3@5_‘} °m >, 7ike nar of the £iltrais was zot int-efpre?able due to extrsneous
o 7 sié:i;;;. ) . -
et ~ - i St i g i e e - -
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™ TR T Ty,
Wmm"nm-wru IR G g s
I A ,

£ A-a-Svipirgsne L. awE»; smegiuk {:0 n.le) ix: ba;:m was. -
whcr-eifrossr over s rerioi of &F hours. T8 jpreﬂxgi cate vas fmsed -
5iztely. The pre:3pizs®e anglyvis indisated 3 magmesimachydrife -

s of rest di-s- -

marries vt =t 3 Tealing yevp of ’°i;m, e

5-&@}_" s¥xn yd-;:%

2t 106°C a2nd termimated st IR"T. The remction wes s ‘acz{:eg gma*»zse. gke

simple wm‘.izr—;eﬂ s Ie}:-:s; 'f“-l"i:‘; until agae.:‘*:a hydrids éem;ei 35 32070, -

Ees uits ar‘dx;z..**"s‘m = - =

'H

latoratory prepared irthize hydride vaiied %o react ¥ith n-b.:‘;;.t

ehloridsvz :'i»»,hwl‘gizzate in venzsre s sr.::v,z zzs:r,.i. feiied %% resct with -

netutyi :iz.—.cr;ae in tr:.:&:!:“*,-:v-we. -

i

The p'aul_{axs of” é.—t-s“’*’m"'»esiza produced s smel: swount of

s=put; }mgreu-n hydride tha® xss soldkle in i&fﬁze:;e. e -a:::m* yxoduct

_‘:_‘-

"m‘ ,he ul*ra* mi‘at.ea “‘be g3al ml

-
o».

howevsr wis Eagnesium Lpirids. The
spXitting of the z-bubyl group £ouid te due o ik B:,férogm attached to ggnesi—‘.j.

The ITA-TGA indizsgte: gne o “EuEyi. grc‘s;- is nre;e-ontzal..y c;eavei. The -

:enérgj differencs zr :&e +wo step loss of b:;..,l ""'vups sud amd in ;,yrolsais

both groups sre removed zimos? simdtanecusly, producing only a smll gwount of

wa

s-bubylmagnesiug hoiride. o
- . S U : _‘A‘:i“’:__” Pt sh e -
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K. w2e ot interpretatle duz fo zluzinis conteminaris from the syntzesis of
55

which WE’:&S Iithiws teirzethyialo=irate as a2 by-profust.
Planned %.w sis. - Furfher zrd mors presisze cxplczeticon of the 2 tritation

of the sysie= R -.!-%‘,32 will ke carried cut., Mpgnesium hydride will te synthe-

sized vis hydrogematicn of di-3-Tufylimsgresitem in benzere in erder o elizinzle

-

alusinoms eantazzzzatién; Ween 2lxylmsgresium hydrides are mlatea, their
reactions with o‘ef;:zs profuze rew dicikyimmpresizz comoounds wild ©e
carried out. The new msymmetrical (5" =R*)} compounis will then be pyrolyzed

atie=pt to produce rev loimmenesium hyicides. The molecular asscoiztion

cf the new R¥gH compouwrd: will te siudied. -
- Other possitle roules plaimel are; the pyrolysis of unsyssefrical
disliyl- zagnesium cozpounds in the hope ihat the enevgy regrired o rexove oce

allyl group will te much greater ikan ihe ofnier 2ikyl group. Reiuciion ¢f

-e o

dialky]mgn;sizz cczps...rgis via hydrogeration, dialiylaiuminim hydride, and
trmlk;u in hydiride. Reduction uf Grignard reagents via hydrogenstion and
potassiwm Eydride will also te studied.

~
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Concerning the Existence of H?ng Compounds

= Ereahyl enlser as b previousy repxcted. Thioastaleity of e~

1MsX" prodset s dutingrbal from a pRysial

3 By E C. ASHBY K A KOVAR, asn K. KAWZRAMI -
s Receioed Jaly 35, 5569 .
mmﬁw o TN coctponsds (mhore X~ CF Br, 523 1y By Srosmesalysisand ;nzzyx;eﬂ‘ﬂkmm extgaTads

mixtare of Ml 253 MoN w2 homs by dta-tza asaliszs, but ma=ly hy Xomay pas'tia_'pauqaéauaa thebosre tint the
F powder pattenm for Ui “HMIX"™ ceapoends wize differeit Troen those of Mgl and MeN.. X repetition of e prior 2
X plas 2dditional weck indicates-that both ydrogeaclyss and pymiysis of Grisrard compozsdy dots w8 produce HMEN r
3 Jompocsds, but a physica! mivterecf Mall and MzX,. Therasns for the Eixrepazsy was the comtparisoa by prod work- - :
£1s of Nemay powdes putter=s v HMEN™ compounds cottaizing 9.2-0.3 ol of ether of solvation with ethte-free Mgl
and MzX; costaining 19 mol of etier.  When comparison of Xeray powder paticrs data was made for the “HAMEX™ com
pocads and Mzl and MrX: oxtai- the same anssent of ether of plvzthug, the “HAMZX™ vempounds were foaed to ex-
5L the saae N-ray powder Fres as thase foand foe 2 phinical mitare ot Mg 268 M X, ‘

LIkt e ety B 2 64

T,

T

Introduction

The hydridomagnesium halides (CHMX"? com-
pounds) represent a novel new cliss of compounds
which presumably can.function 2s a sclective reducing
sgent towand organic substrates® and as a starting
mpienal toward rovel complex magnesium hydrides.
The first caaprehensive report of the prepatation of
“HMgX" ompounds was made by Wiberg and

) Tk, paTimmitics thouid besent.

12) "HIEN 18 grotes will be mod Lo rrpremat thie product Farmed ¥ from
prvalins 1 Bydergealyrs af Grizeand camponnds %izch accardiog 1 s

tepxtisac . abya wasereof Mufizasd MpXe
%) R. A Frrestome, Tevshodean Leters, XY, 26253 (15675,

Strebet® in 1457, These workers reported the prep-
aration of crysailine soluble compounds of cmpirical
formula XIMgX-20{C:H.);. where X = CI, Br. and |,
by the reaction of ¢thy1 Grignard reagentsand diborane

6CHAERr + Bl — 61MzBr + 2(GHUR - (1)

Later we-reparted® that it was not possible to fofate
tkese compounds-under the exact conditions described
Jarliert or under 2 vancty of other conditions that

might be favorablk: for forming such compounds. In-
stead, only- chlommaﬂne:mm borohydride could be-ob-

" s.%mmr.s«:w.a-;,m,m.an)'
132 WL E. Peckerand E.CL Askdby, Tnoez. Chese., 4, V516 112637
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tatnd, roeendins-of the sorchineatry of e roaction
or the r‘%ﬁ%e of reaznt adlitin The rexcbon g
Cevied aovading to

S AOHAMLC 7 SR e SOIMERY,  OSLeB

Semsetine L. Tyre=a 2a) Eheen® rogorted 2
seened Fate s THMENT compeamds Ths mawtiad
myolstd Lse Sydreralyes of tt!.-vb: Megnm has
Bl X = LB 1" R = Hs:

3
ECHCHAGN v 15— RQOHCHE, - EMeX 2

They foend Ut o) of the "IN conpomsnds mere
savinbie 1 the wand erganic sivents and the prode
wt~ onlamed 2 nowteikkirodre amwant of etber

‘ventray tu the sesells repocied carlier by Wakeoz

and Nirebd  Thoy peposd 3 pedymenc s, e
Z B THMLXT oompunds  Hetiog ant ooling
£urTEs o Well as e ookt gas-!gtsdm: for these
Fﬁ{'&&iﬁﬁétﬁﬂi@iiﬁﬁ&m The-H3IgX™
sipesnds ddmwal ¢ “Arung irevensibie aod endotber-
-7 éce:i st ~I23° axocamresikd By eoltia of
s Tha tramation #2s xessoed f25n intramoiaslar
dispopostication of “"HMEX™ to 3MoH: and MWoX,
acosmpariet by a kessof etler.  AB soboegent efects
ia the thermsometnic analvss at tampenatizss bizher
than 1257 were comnistent with tmansitios ecrnrring:
2 Gither M H: or M Xxprodoced i the thermal dis-
rropolianation reacton.  Thos the condfasion was
that "I X" compounds are formed by the Eydro-
senolvis of Grizmaal compounds. bowever, dﬁpmpcy
foration to MzH.20d MzX, occurs at 125°.

AL atowt the saac time as the Dymovz repert.
we reposted” that Bydrogenolysis of ether selutions
of varioss Griguard reagents kod to the formation
0i MzB: anG M=X: readily and ckeanly.  Theapparest
mocnsistency  between thess two kitter ITPOTis i¢ re-
wived win.it & scalized that we washed all prodicts
i tbc ':\m-axa tamﬂ:dm with letrziydr*-;m fey 3)

l

l
)

2!13;.\ —-)n M - X, ' vy

i as 2ttempt to remove the Setrabydroluran~cichle
MgX: compounds, whik the Russian workers daim
that “HMzX" compounds disproportionate in tetra-
hydrofuran. One dizcrepaky that was ixd rescived
aowever is the fact thut in the cases of ayiirogenclysis
of RMzBr and RMzl compounds we found that MzH:
and XzX: were indeod.-foanet before tmhrdmfmn

- vashing mcheso!nsnccmﬂ\ al of the MgBr,

amd \!"lz were found in the diethyl ether solution
dmmediately after hydrogenolysis and: prior 1o washing
of the solid with tetrahydrofiiran. On the o%het
hand. Russian workers daimed thet MyBr: and Mgl
were not found: in solution but in the solid .phase of
the ceaction mixtare. Since MgCl: is insoluble in
diethiyl ether we could not, at the time, sy that in-
soluble EMzZI was not initially formed by hydro-
genolysis of the RMgCl compound followed by dis-

BT W livmewa 28d N 6 Exworea, Rave J. Teoer Chen. 8, 8§59
[+ 18
175 W E Bockerawi B C. AsShi, J. Org. Cless . 09, 554 (19815,
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A 2] romtle ropurtad ;ngéazf "HAIXT come
poundsinvelies the f!;‘f;;‘;'—;a & Gng=rd compoustds
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Be wmomenli good H:MOBr = L 1SRG
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2xist a5 eqramaln mixtanes oF fydiele and bl de &5
Tese wRbens owd (i codeis moe=oiy o8
the rapid rafe at wEh masnenion halde -5 extratol
wixn these prdn smmisﬁémfgiﬁkt
Hom-ver, since Rice, #f 2!, mpoted that octeseten
e:i “HAMzES™ with Sry ciber Jed to difrapsiionciion

fo 3. a=X 3MzRr boBeacd by oirsiiax of U
TmapuesEr s.zte:-:ée;. e wusher fé'% =ere &%
omented

*&muafessigfﬁssamafa&n ILJ"B}! X

compomids eoist 25 discrely spesies diffainz frem

cpamoler midteres of mgwdve Eviode and the
carepdng magnesem BRdr Des tatment of
@n THAZX™ compsend «Gth wrekydrdanza o &-
ethy: etlaer resait i sinple extraction of mammewss
Sahde frem the mixtare of 5 manesse 2ale ex-
tezction preceded by disproportiveativa of the ~HA X"
to kalde and kvdride? Farthermone, ¥ 3320 \.o:::‘-
p;m-dsdomst.zm!hcysahﬁccjﬁbﬁ’sr sgpeads
wetaning 2 eguiv A ety PHMEX-HSCH L] as
reported by Wibeog or are these oxmpoemads Ssolable
polymernic sohds canryisz nonstosdiiomdlne smvants
of soivestas yeporicd by Dymova® Ak, wre HMZX
compounds hject to thenuaBy saduced diproand-
Voraton 2t ~I25° =5 uzzested To Dy s are
these species stable when heatled o ~255" as seoseted
by Rixce?
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_Inorganic Chemistry

Tasri 11
PyROLYSIS OF GchAuu RRAGENTS

“ Ether by dlﬁcmncc

3400-3800 - psi of hydro;,cu. J’lu. white compact, precipitate
contained an H:Mg:Br:ctiier ratiy of 1.88:1.00:0.07:0.03.
‘The filtrate contaired 0. 19 g-atonmof big and 0.28 ¥-atom of Br. -

Dlmedc c—htylmngnuinm Chlorkle—!ther ir ‘Benzéne.—/-
Butylmagncsmm chioride:ether.(0.075 mol in 150 mi of« benzene)
was heated at'150° for 5 hr under.3500.psi of hydrogen. The
gray-white precipitate which formed .contained an H:Mg:Cl:
ether ratio of 0.96:1.0:1:02:0.05.

Pyrolysis Procedure.—A number of experiments were carried
out in crder ‘to detcrmine the best combination of reaction
-tempersature and time needed to produce a pure HMgX product.

* Typical resuits are:showsn in Table 1I. A typical'procedure for
_-pyrolysis of Grignard reagents follows

Grignard reagents in ether were charged into & 200-ml round-
botton::Aask containing a large “‘egg shape’’ stirring bar.  The
ethq' was removed under vuruum at 50°.  The Grignard solution
grldually ber:ame viscous dnrmg the ether solvent reinoval
process until finally the stirrer could not move. At this: stage,
the stirrer-was madé to move by occasional shaking of thc‘ﬂask
while the temperature was increased to the reaction tcnpcramre.
Pyrolytic reactions of ethyl- and isopropyimagnesium bromide
and xsopropylmagnesmm chilofide were carriéd out in this-way,

In another procedure, the ether was removed under vacuum at
50%unti! the stirring bar stopped moving. Nujol was added snd:
the mixture was heated to 90° for a profonged -tine (120 hr) to
ensure complete-removal of: solvated ether. The temperature

~was raised -gradually to.the point where pyrolysis was carried:

out over a period of 1 kr. Isobutylimagnesium iodide was py-
folyzed in this way. A white productinstead of a gray one was
obtained,

Extraction Experiments.—A 2.684-g sample of solid produccd
by the kydrogenolysis of C;HiMgCl in-diethyl éther (H:Mg:Cl:

[P —

o o e e - Kxperimental condition -
Reaction
Kapt- Temp, time, Prlessure, o et ——— Ao MmOIE IO e
7o, RMgX °C¢ he ani H Mg X KEther*
! Col Mg Br-2(0(Calfu )l 20 2 1 - 0.8 1.00 1.08 0.08
- 2 Cill:MyBr. 105 o2 3 0.56- 1O .08 0.26
= .3 ; 195 18 1 0.51 1.00 0.99 0.31
4 195 6 3 0.39 1.00 1.00 0.34
5 - ’ 150 5 3 0.53: 1:00 0.98 0.44
-6 £CHMgCL 140 4 . 3 0.74 1.00 1.02 0.15
7 . 140 2.5 4 0.74 1.60 1.08 0:05
8 _ T40 1 2 0.71 1.7 1.12 0.01
=9 - - 140 0.5 4 © 0.67 - 1.00 1.05 0.12
10 130 17 3 0.69 1.00. 0.95 0.01
i 430 10 5 0.54 1:00 1.20 0.13
12 - ] 130 6 3 0.83 1.00 1307 0.03
13 130 ] 5 0.79 £.00 .04 0.04
14 130 4 3 0:80 1,00 1.03 0.08
15 130 2 2 0.61 1.00 1.00 0.31
16 130 1 4 0.51 1.00 _1.06 0.33
17 110 72 3 0.84 1.00 1.05 0.33
18 110 16 5 0.78 1.0 1.04 0.13
19 110 5 5 0.73 1.00 0.99 0.17
20 i:C3H;MiBy -160 3.5 -1 0.83 1.00 1.07 0.04
21 140 ] i 0.81 1.00 1.09 0.09
22 130 6 3. 0.72 1.00 1.08 0.21
2 120 6 1 C.5¢ 1.00 1.07 0.34
124 . 110 24 3 _0.65 1.00 1.07 6.26
25 £-C Mgl — Ti50-160 - 13 0.5 T -0.49 ‘1.00 1.12
b 150-160 21/, 0.5 0.56 1.00 1.9
B g 460-170 1 1 0.75- 1:00 1.08 0.162
=38 ’ 170 -1 i 0.78 1200 1.06 0.
29 . 170 2 1 0.74 1.00 1:06
__.._ .= 180 1 1 0.76 1.00 1.05 0:245
) A 205 1 1 0.70 1.00 1.06 1.34

cther =-0.84:1.00:1.07:0.36) was stirred: isn 50 ml of dry THF
for 3 min. The mixture was filtered quickly and 0.42 g.of a
white solid" was ohtamcd The solid- prodisct and the fltrate
were fannlymd The solid contained an H:Mg:Cl ratio of

1.77:1.00:0:10 and jts X-ray powder pattern showed -lines for
only MgH;. The filtrate contained 99 and 829, of the. original
aniount of Cl and Mg, respectively. Experiments using ‘“HMg-
CcL” "HMgBr,” and "HMgl” prepared from pyrolysis reac-
tions gave siniilar results which arc shown in Tabie IIL.

Synthesis and Stepwise -Desolvation .of MgCl., MgBr,, and
Hlla.-—MgCl. O(Csli;)y was prepared from the reaction of.iso~
propylmagnesium chloride and HCl in dlcthyl ether. Dropwise
addition of & stoi;hiqmetric quantity of HCI to the stirred Grig-
nard solution undér nitrogen purge resulted in preciritation of the
halide containing :an Mg:Cl:ether ratio of 1.00:1,98:1,02:
Stepwise: desolvation-was accutiplished by heating this material

wunder-vacuun: for different periods of time and at different tem-

peratures. Heating for 1 hr at roomﬁgennpcralurgzprodgcg-d'n
material with a Mg-to cther ratio of 1.00:0.77. This ratio was
found to be 1.00:0.5, 1,00:0.28, 1.00:0.09, and 1.00:0.01 ‘when
this material was heated for- 1<hr, periods-at 50, 75, 100, and 1959,
respectively. ‘Tlic ratio of magnesium-to chlorine was found to
be:i:1.98 in the completely desolvated material. Magnesitun
bromide-ether and magnesitim iodide~2-ether-weve prepared by
the reaction of the appropriate mercuric halide with tciply.sub-
limed mugnesium metal' in ether solution.® Maguesiuin to
halide ratios' were found ‘to be '1:1.98 and :1:1.97, respectively.
Stepwise desolvation was accomplisiied as above for magnesiim
cliloride. )

Preparation of MgH:. A. Reaction of LiAlH, with Diethyi-

(16) E. C. Ashby aud R. C. Arnott, J. Orgenomeial, Chem. (Amstcrdawm),
14, 1 {1908).
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ResuLYs OF EXTRACTION oF “"HMgX" Pxonvcrs . )
) -Analysls of
Atomic ratly of original compound :Analysis U residue, atomic ratlo soln, %
Compound Solveut H Mg X H Mg X - Mg X
ifydrogenolysis HMyCl? TUF 0.84 1.00 1.07 1.77 1.00 0.10 82" 1LY
Pyrolysis HMgCI® ‘T'HF 0.79 1,00 1.09 1,02 1.00 0.73 49 60
-Pyrolysis HMgBr* Ether 0.83 1,00 1.07 1.68 1.00 0.13 43 78.
Pyrolysis 1Mgl ‘Bther 0:73 1.00 1.00 1.48 1.00 0.07

*"X-Ray powder pattern of residucs of these cases show lines only. for MgH,.

magnesium.’—Dicthylmagnesium (0.1 ma}) in diethyl ether

-from 0.1 wmol. of diethylmercury and excess .magnesium was

allowed to--eact with 0.45 mol of LiAlH, in diethyl cther. Pre-
cipitation of Mgll: was noted.with addition of the first drops of
hydride. The mixture was stirred.for 3 days after completion
of the addition and then filtered in the drybox. The precipitate
was washcd three times with diethy} ether te remove any excess
diethylmagnesium followed by vacuam drying at room tempera-
turefor 1 hr. Thé magnesium to hydrogen ratio was found to be
1.00:1.92. )

‘B. Reduction- of - Diethylinagnesium-with-Hyéroger: at-Ele-
vated Temperatures.—Dicthylmagnesium (0.1 moi in 150 ml.of
ether) was charged into an-autoclave and heated under 2000 psi
of hydrogen at 75° for 10 hr. The precipitate which had formed
was filtered in the drybox and washed three times. with:diethyl
ether. The magnesiwi to hydrogen ratio was found to be 1.00:
1.91.

C. Pyrolysis of Diethylmagnesium.<~Dicthylmagsnesiiim
(0.05 mel) was heated for 2-hr periods 2t:100, 150, 200, and 220°.

‘Infrared analysis (Nujol mull) of these -materisls indicated only

partial pyrolysis after heating at 200° for 2 hr.. All of 'the di-
ethylmagnesium had been pyrolyzed by heating for 2 hr at 229°.
The yield was 0.98 g of a yellow-brown material. violently explo-
sive upon eciposure to the atinosphere. The magnesium to
hydrogzn ratio was founid to be 1.00:1.94.

Results and Discussion
Our evaluation of the reaction of ethyl Grignard

compeunds with diborane as a route to HMgX -com~ -

poundds was reported earlier.® We were not able to
preparc HMgX compounds by this method under-any
conditions including the exact conditions stated by
Wiberg and: Strebel in their eatlier report. It was
clearly demonstrated that the products of tliis re-
action in -tetrahydrofiiran .under a variety of condi-
tions are the halogenomagnesium horchydtide (XMg-

‘BHy) and tricthylborane {gq 2).

The two-other'methods reported for the preparation
of HMgX com:pounds involve hydrogenolysis and py- .
rolysis of Grigiard coicgounds. Dymiova, ¢f al.t
claimed to have prepared HMgCl, HMgBr,.and HAg!
containing 0.1-0.9 mol of solvated ether by the hy-
drogenolysis of ethyl Grignard compounds in diethyi
ether. Rice, et al.,? claimed to have prepared HMgBr
by the pyrolysis of ethyl and f-butylinagnesium bro-
midesat 190 and 200°, respectively. Since the "HMgX”’
compounds were stated by the Russian workers to
disproportionate in tetrahydrofuran,® it was clear
that this solvent was to be avojded-especially in the
hydrogenolysis experiments in which ‘the Grignard
compounds. are allowed to react with hydrogen in
solution: It also appeared cléar thut the Russian
work® had to be ‘repeated since the hydrogenolysis

(37) G. Bacheras, C, Dﬂbld, Ne- P’nbou T, Wartik, K. Wilzbach, and
I, sellesivger, J. A, Chet, Soc., 13,4583 (1951).

‘tionate in tetrahydrofuran.

experiments were performed in dieti:yl ether whereas:

eailier Rice reported that “HMgX'" coipounds dis-
proportionate in diethyl ether. Furthermore .the py-
rolysis studies of Rice? had to-be repeated since the

Russian. workers c'aimed that “HMgX" compounds'

disproportionate on heating'to 125°% and: Rice reported
the preparation of “HMgX"" compounds by pyrolysis
of Grignard compnunds at'200°.? As-a starting ma-
terial-for hydrogenolysis-and-pyrolysis reactions, ethyl-
isopropy:-, and isobutylmagnesium halides were chosen.
Isopropyl: compounds werd-shosen because earlier we
had showsi that isopropylinagnesium chloride reacts
‘with hydrogen at a faster.fate than any other Grignard
compounds investigated st the time.” Thus lower
reaction temperatures could -be used to eﬂ'ect “hydro-
genolysis of the nsopropnvl,Gngnard reagent which pre-
sumably would lead to a purer product. Isobutyl
compounds were investiguted since triisobutylaluminum
is known to undergo hydrogenolysis and pyrolysis
readily compared io other aliiininum alkyls. The
ethyl Grignard-compounds were-investigated because

-previous workers used these compounds for-both hy-

drogenolyqs and pyrolysis studies and it was consxderedi
necessary to repeat this work.

Previous workers employed eleniiental analysis but
particularly powder diffraction. and dta-tga analysis
of reaction products ir order to determine whether
the product was a single compound, HMgX, cr a
mixture of MgH, and MgX,; Powder diffraction.

and dta-tga analytical evaluation-of the product are .

crucial sinte the reported “HMgX” compounds are
insoluble in diethyl ether and are said to dispropor-

both X-ray powder diffraction and dta-tga data that
both Russian and-American workers decided that the
products of hydrogenolysis and pyrolysis of Grignard

compounds produced. “HMgX” compounds and not

mixtures of MgH, and MgXa.

“Pyrolysis of Crignard reagents yielded materials
which contzin hydridic hiydrogen, magnesium, halide,
and- ether in the approximate ratio 1:1:1:, where

# << 1. As can be scen from Table II thic. hydrogen

ceutent of the product ‘was usually low presumably
due to decomposition of the product during heating.
The pyrolytic reactions were not markedly temperature
or time dependent; howsover, as expected, pyrolysis

vas effected under much inilder conditions and with
shorter reaction times when th2 alkyl group was iso-
propyl or isobutyl. “The nature of the pyrolytic prod-
uct was independent of thealky! group as demonstrated

It was by evaluaation of
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TasLe IV.
X-RAY:POWDER PATTERN 4-SPACING-DATA.
"HYDROGENOLYSIS AND l’mousxs of GRIGNARD COMPOUNDS

*HMgCI"
(hydro.
xenolyﬂl.

“HMgCI”  heated at 120° “HMzCI™ “HMgBr"” CHMgI™

(hydrogenolysis)  for 2'hr) {pyrolysis)  (pyrolysis)  (pyrulysis)
123 m 5-9s 6.0s 6.3m 3.6 vw

9.3s 2,928 3:2vw 3.28 w 34 m

7.2m  2.76s 3.1 vw 3.io0m 3.15s.
86.3vw 2.60s 2.98s 2.90s 2.48 m
5.5yw 2.50vw 2.78w 2.68w 2.08 m
4.75vw 1.80s 2.60s 2.40vw  1.93.m
3.19w 1.73w 2.52w 2.26 m 578 wm.
2.76vw 1.67vw 243vw  1.90s _ 1.7T4w
2.50 vw 2.27vw  1.82vw LT2w
2.35 vw 2.02ve _1.76.w 1.60 vw

2.13vw 1.83s° 1.66 vw  1.56 vw.
- 1.82 vw 1.7%w  1.62m 1.42vw
4:67 vw - 1.60'w 3.59w 1.34w
1,56 w 1.56.w 1.33w

149w 1.225m 1.2 vw

1.2)m 1.7 vw

1. 20 vw

1.17vw

"L13vw

1.10'vw

‘by the fact that the powder diffraction patterns ob-
tained from ‘the products of pyrolysis of ethyhmag-
~ nesium bromide and:isopropylimagnesium bromide were
idéntical. Analogous -results were obtained for the
chloro and iodo :Crignard compounds. ~ Furtherinore,
the X-ray powder diffraction pattern obtained from
the pyrolysis product of the bromo Grignard com-
pounds.contains almost -all of the lines reported earlier
(Tables IV and V).for the:pyruolysis of etl‘y]magnwmm
bromide,” indicating identical products.
In order to detcmunc whether the “HMgX” prod-

TABLE-V
X:RAY Powber. PaTrRRN 4-SPACING Dars.
MxH, AND "HMgX"’ Compounps

“HMgCL" “HMgBr”
- (hyc!rogtgol)'ss of (pyrolytic product of
MyH: @-CHMLCI-O(CrH:)r):  CrlsMgBr by RiceY)
3.30 vs. _ 6.0s - 3.51
2.76 vw T 3.8 m 3.30
-~ 2.495 vs 3.05m 2:094s
e 2.2 2 M 2.12
) 1:67s 275 m h9ls
.59 m 2.85 vs- -1.55
1.50w 2.45m 1.61
IA2w 3 2.%0n 1,92
L.36 w 1.97.m 1.16
1.335 w 1.9
P.246w 1.22m
15w - 1.66 m <
1123w 1.9°w -
1,540
1.45m
- TA2w _
.36 w -
- 1.Hw - -
- 128w
o 12w
. 107w :
1.4m - =
: 1.0im -
il . - -

Inorgumc Chemistry

‘TanLg VI

X+RAYPCeWDER PATTERN d:SPACING (DATA,
MgX; Conpounps

e MEC(O(CsH) ) g———  MjsBn- ‘Mgl
nwl ge027 x=0 (OCN)) MgBrn {O(CiHi)): Myls
10.8vs 12 43, 5.8s 8.0s 8.2m 8.0m 35w
9.5vw 0.23 308w 7.3s 3.2Tw  600m 3.38m
7.8vw 7.2m.  2.94s 5.7vw  3.10m 6.10w 3.13s
8.3w 02w 2,7%m 53w 2.80s 5.80vw 2.4Gm
6.0w 2.55s 4:40vw  2,88w 5.20m 32.05m
50w 55w 2.43w 3.95vyw 2.260m 4.30w 1.02m
29w 48w 232w 5.55s 1.90s  S:94vyw 1.76m
26w 27w 218w 3.92vvr 1.82w  3:88yw 1.73m
2.56w 2.30w 1.95w 3.2d4m 1. T6w 3.80w 1:70m
1.80 230w 1.80s _3.18vw 1.831n  3.68w 158w
1L.0w 11k 2.98m LSw 3. 43m  1.53vw
1.85w  2.86vw 1.58% 3.3lw  1.405vw
1.54m  2,75vw  1l.46vw 3.20w 1.325m
1.81w  -2,62vw  1.30vw 3.05w .1.315m
1.47Tm 2.51w 1.225m 2.88vw 1.275vw
143w 2. ¥w 1,.206m 2.75vw 1.255w
1L.27w  2.20vw 1.16w  2.61vw 1190w
1.33w 2.13vw 110w 2:48w 1165w
1.27Tw 2.07 vw 2.38vw 1, 125w
L.l4m 1.90w -2.33vw 1.085w
L0Hm  1.84vw 2.26vw 1035w

0.08m 1.73vw - 2.20vw
0905w -1.61vw T 2:)3ww
.58 vw 2.09 vw

2.06 yw

1.83vw

ucts exist as an autiientic single compound-or as equi-
molar mixtures of hydride.and halide, the X-ray pow-
der diffraction patterns of these.products wefe compared
with the powder diffraction patteris for magnesiwm
‘hydride and MgX, (X = Cl, Br, and I). Powder
diffraction data for MgH; synthesized by different
routes (see Experimental Section) was compiled since
the reactivity of each MyH, is sensitive to the syn-
‘thetic route and' it-was felt-that differences in reactivity
might be due to-diTerences in structuce, although a
contrary exlanation to this phenotmenon has appeared.™
Powder diffraction.patterns for MgH, produced from
the various different:synthetic routes were found to be
idintical with the exception that in the case of the re-

~duction-of a dialkylmagnesium compound with LiAlH;
or with hyslrogen at elevated temperature the lifies were

broadér and more diffuse than for MgH, predy-—~ed inithe
other reactions. A representative MgHj spectrisni is re-
corded inn Table V. X-Ray powder diffraction data were
compiled for solvated MgXa, MgX; of intermediate sol--
vation; and desolvated MgXs, since the diffrictior: pat-
terns are expected {o- be sensitive to- changes in co-
ordination.about magnesium. It wus initially thonght
most meaningful to comparc the diffrastion data for
‘the pyrolytic “HMgX"” products which contain rel-
atively small amounts of coordinated -cther with the

- diffraction patterns of the magnesium halides which

contain little or no coordinated. ether. Powder dif-
fraction pattems for the magnesium haliles were
markedly sensitive to -the degree of coordination and
are summarized int Table VI.

From comparison of the data listed in Tables 1V

" and VI it can.be concluded that ail of the Jines present

in the spectra of the desolvated magnesiiim halides
arcpresent in the spectra of the corresponding pyrolytic
“HMgX" product. The spéctrum of “HMgl” contains

a8 K. M. Miackay, " Hydrogen Compounds of the Ei ** Wiimer
lim«lh! Bhlnkwl Cheshire, Kngland, 1966, p 11, -
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only the-lines present in desolvated- Mgl. while the
spectra of “HMgCI* and “HMgBr" contain lines pres-

efit in desolvated MgCl; and MgBr,, respectively,

and additional relatively wiak lines which correspond
exacily to the.strongest lines present in a.pure sample
of MgH,. These are the results expected.forian equi-
molar mixture -of MygH. and MgX, since equimolar
mixtures of hydride and halide contain a relatively
low weight percentage of hydride owing to the .rel-
atively low. inolecular weight of this component. Fur-
thermnore, the weight .perceatage of MgH; present in
equimnolar mixtures of hydride and haiide-is expected

10 decreasc in the series where halide = Ci, Br, and ],

and fines due to.HgH, mighi be impossible to detect

in an equimolar mixture of MgH. and Mgl,. This-

was confirmed from analysis of the powder diffraction
spectrum of an authentic 1:1 molar mixture of MgH.
and. Mglz, while weak lines due to MgH: could be

“detected in authentic 1:1 molar mixtures of MgH;

and M=X, (X = Cl and Br). The X-ray poewder
patterns for the authentic 1:1 molar mixtiires of MgH>
and MgX; (X = Cl, Br, and I) were identical with
the conesponding;pyroiytic HMgX product, and thus
it must be concluded” that these materials exist as
equimolar mixtures,

Essentially all of the MgCl: was extracted into solu-
tion when pyrolytic “HMgCI” was stirred with. excess,
dry THF for 3 min (Table III), while MgBr. and
Mgl were readily extracted when pyrolytic “HMgBr”
and "HMgl,” respectively, were stirred with excess,
dry diethy! ether for a period of 3 min. - X-Ray.powder
patterns of the undissolved solids were identical, with
that of MgH.,.

We “were not able fo isolate "HMgX compounds

(where X = Br and 1) by hydrogenolysis of ‘Grignard
compounds in diethyl ether. Twelve hydrogenolysis
experiments were carried out in which several Grignar:d
compounds were allowed S0 react under a variety
of -conditions (varying the temperature, pressure, and
conicentration), including those specified by the Russian
workers.® Undef all conditions, when the Grignard
compound was a bromide or iodide, a, white solid
was formed which. was showit by both cleniental and
X-ray puwder analysis to be predominantly MgHa.
The filirate contained almost all of the initial halide
(Table 1). Hydrogenolysis of both ethyl- aud -iso-
pronylmagnesium- chlorides in ether produced a white,
insoluble product which contained hydrogen, magne-
sium, chiorine, and ether in the approximate ratio
of Til:1:n (where # < 1), This result is to he ex-
pected since MgCl is insoluble in dicthyl ether. Thus
the solid product could be HMgX or a mixture ‘of
MgH, and MgX.. The results in Table 1 show that
the hydrogen content of the product was always
slightly jow and the chlorine content slightly high.
The X-ray powder:pattern of the product from ethyi-
and isopropylmsagnesium chlorides showed similar fines,
indicating that the same preduct is formed frons hy-
drogenolysis .of these Grignard compounds. Very
few of these fines weve in cominon with the X-ray

Existence or HMgX:CoMpounps 323 °

TasLs V11
ANALYRES OF GRIGNARD SOLUTION
~—Coacn, M—

: . %
Griguard = Mg —Mg X MgXa

X
CsHMgBr 1.72  1.70 1.000:0.977 2
1-CyH;MgCl 6:361  0.365  1:000:1.011 1
i-CiH;MgCl 2:55  2.61°  1.000:1.024 2
C:lisMgBr: 3.8 3.8  1.000:0.982 1
C:H:MgBr- 3:.64  3.65 . 1.000:0.987 1
1-CH;MgCl 248 2.50 1.000:1.000- O
i-CiH;MgCl 1.9 2.09  1.000:1.050 6
i-C;H:MgBr 1,92 2.04 1.000:1.062 8
C:H;MgCl 3.58  3.60° 1.006:1.009 1
CHMgt 3.54 3.4 _1.000:0.972 2
§-CaL Mgl 1.07 1.28 £.000:1.178 18
i-CiH: M1 1001 1,125 1:000:1.118 12
£-Call Mg 0.8  1.07 1.000:1,200 20
4-CsH Mgl 0.206 0251 1.000:1.218 2i
§-Cati;MgCl- L7 1724 1.000:1.007 1
§-CisH,MgBr 0.312  0.823  1.000:1:014 1
i-CaHy Mgl 0.54 0.620 1.000:1.058° - 6

-po“der patterns of MgCl-O(C;Hs): and' desolvated

MgCl, indicating -eitker an authentic HMgCl com-
pound or da, m;ermed:ate degree of conrdination -on
MgCls (Tables IV and VI). Scveral Lnes are pres-
ent, how ever, which can be assigned-ts MgH, (Table
V). Two experiments: were conducted in order to
decide between these possibilities. A sample of sthe
hydrogenolysis “HMgCl” was heated -under vacuum
at 120° for a period of 2 hr to remove courdinated
ether. None of the characteristic ether bands was
present in'the infrared spectrum ¢ this heated material
and. the X-ray ‘powder .pattern (Table 1V) showed
strong lines identical with thosevin desolvated’ MgCls
and weak-lines identical with the lines in X-ray powder
spectra of pure MgH:, indicating an equimolar mix-
tiare of MgH. and MgCl,. Desolvation of HMgCl
at 120°, ‘however, could have been accompanied by
an intramoleculas disproportionation to MgH, aad
MgCl: suggested earlier by Dymova; 2£-6l. We there-
fore .compared the X:ray powder patterns of hydro-
genolysis “HMgCl-(O(C:H:):).” (wheren = €:9-0.3)
with powder diffraction -data for MgCl.- (O(C:H:)s)a
(where n = G.9<U. 3) We found that:spectra-obtained
Tor MgCl, of intermediate- solvation were very snmlar
to spectra-of hydro"cnoiv:;ls “HMgCI"” {compare, for
example, the spectra-of h)dmgenol)sxs “HMgCl” and
of MgCl.: containing 27 :mol % O(C,Hs)s, Tables W
and VI) with the exception that lines attributable
to MgHo., present in the latter spectrum, are not pres-

ent in the former spectra. We, therefore, conclude °

that the hydrogenolysis ““HMzCl” cousists.of -an equi-

‘molar mixture of MgH, and: MgCl..  Essentially all’

of the.chloride goues into solution when this mateval
is stirred with excess, dry THF for 3 min. During

this period the composition of the solid changed

markedly, X-Ray and clemental analyses indicated
that the insoluble sesidue is MgH; (Table I11).

It was of some voncern that the nature of the protuct
formed in-the hydrogenoiysis or pyrolysis of Grignard
-compounds would depend to: 2 large extent on the
composition of the Grignard compound in solution
(Table V11) {(hydrogenolysis) or the solid-state struc-
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ture (pyrolysxs) For exainple RMgX species would _
be expected -to_form-HIMgX, and RaMg--Mg¥, species:
would be expected to form a mixture of MgH, and
Mng
2RMgX —> HMgX
RiMg + MgXy —> MgH, -+ MgX;

Therefore.it seemed worthwhile to prrolyze a Grignard

- compound that was known to possess the RMgX solid-

state structure. Ip this connection the bis(diethyl

'cther) adduct of ethy.magne;-um bromide was isolated

prior to pyrolysis since earlier’ it had been- deraon-
strated that this species exists as an RMgX compound
with -each magnesium_atom bonded to one bromine

and one alkyl group. It had also been suggested

that simple removal of solvent. from a Grignard com-
pound, as in-vacuum-distillation, results in precipitation
of a material containing unsymmetrically bridged-alky!

" and halogen groups -which should result on- pyrelysis

in the formation of a mixture of MgHg and MgX,.

A-material containing hydrogen, magnesium, and bro-
mine in the ratio 0.88:1.00:1.06 (Table 11} was.ob-
tained when the bis(diethy! ether) adduct of éthyl-
majnesium bromide was heated:at 200° for 2 hr. The
X-ray powder pattern of this material was identical
with the patterns obtained from pyrolysis of other

‘bromo Grignard compounds indicating that a.mixture

of MgH; and MgBr; was again obtained.

0 e -

(l’) 1 J. Guggeaberger and R. E. Rnulk.l 4im. Ckcn Soc.. 08, 5344 -
_ (1984). ) -

Inorganic Chomislry

The 1:1 ctheratc adduct of /- butyhnagnesium chi "
ride, which is dimeric in benzene, was hydmgcnated

since earlier'! it had been suggested that this compound ™

exists in benzene solution as the symmetrically bndbed
dimer i o
o] CL -CH
( s)n\‘ RS ’
/Mx\ /%z&‘
+-CHy Cl' O(CsHih

Hydrogenolysis of this Grignard compound .resulted

in precipitation of a.gray, whi‘e-solid containing very

little -ether (essentially all’ of the dietiiyl zther is-pres-
ent in the bénzene) and hydrogen, magnesium, and
chloride in a ratio of 0.v1:1:00:1.02. ‘The X-ray pow-
der pattern of this material’ (Table ¥) -is identical
with the pattern obtained for an-azthentic 1:1 molar
mixture of MgH; and MgCl, and, therefore, this ma-
terial also exists as a mixtiire.

In-etnclusion; we were-not able to-prepare HMgX
compounds (X = Cl, Br, or I) from either pyrolysis
or hydrogenolysis of Grignard reagents under a variety

_ of reaction conditions. In contrast-to carlier reports

by Russian, German, and American workers,.the: prod—
ucts of these yeactions were shown, by careful compari-
son-of appropriate X-ray powder Ciffraction data, to
consist of ‘mixtures of MgH, and the corresponding
MgX.. Reduction of an RMgX compound to HMgX
by the reactions described in this study must tiecessarily
follow inmicdiately-with fofmation of- mixtures of hy-
dride and halide.
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Conceérning tbz Preparation of Magnesluzm Alummum ‘Hydride.
A ‘Study of the Reactions of Lithium and Sodium Aluminum
Hydrides with Magnesium- ‘Halides in Ether Solvents

By E. C, ASHBY,! R. D. SCHWARTZ, anv B. D, JAMES
Rezccived Seplember 4, 1969,

The reactions of alkali metal aluminum hydrides.with.fnagnesium falides in ctier solvents were investigated as possible
routes to magnesium aluminum hydride [Mg(AlH)]. The ability of these reactions to produce Mg(AlH ), depended on the
nature of the alkali metal, the halide, the solvent, and the solubility of the alkali jnetal halide’by-product. Contrary to
previous reports Mg(AtH k-could not-be-prepared:by the reaction of LiAlH, and magnesiuni bromide in diethyl ether.
This reaction regardiess of the nature of the halogen or solvent was found’to produce an cquilibrium mixture (LiAIH, +
MgBr: = LiBr + BrMgAIH,) which varied i in its composition depending on the amount of LiAlH; used but which did not con-
tain any detectable amount of Mg(AIH ). Magnesmm aluminuin hydnde was prepared in a pure form a3 the ether solvate by
the reartions of NaAlH¢ and MyCl; in tetrahydrofuran and NaAlH, and MgBr; in diethyl ether. Magnesium alummum hy- -
dride is insoluble in both diethyl-ether and tetrahydrofuran, thus it-was separated from. the NaCl amLNzBr by-preducts
‘By Soxhiét extraction. Bérause of the solubility of Nal-in tetrahydrofuran, Mg(AlH;); as the tctrakls(tetnﬁydrofunn)
solvate was prepared halogcn free by the reaction of sodium aluminum hydride and magnesium_ iodide. Halogenomsg-
nesium aluminum h)dndcs {(XMgAIH,, where X =-Cl and Br).were prepared in tetrahydrofuran by the reaction of sodium
aluminum hydride ani ‘the. -mugnesium halide in 1:1 stonchtomctry Infrared: speclta and powder diffraction data are
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presented for all of the compounds prepared.

Introducticn
The preparation of magnesium aluminum hydride

(Mg{AlH,),) was first reported in 1950:by Wiberg.and.

Bauer.2~* The preparation of this new hydride was
reported by threr d.fferent synthetic routes represented
by eq 1-3. Magnesium hydride (MgH,)- was reported
$MgH; + 2AICH ~—- Mg(AlH)+ 3MgCly (1)

MgH, 4 2AIH; ~=>Mg(AlH) - 2}

2LiAlH, 4+ MgBr, —» Mg{AlH,), + 2LiBr 3)

ta-react with both- aluminum hydride (AlH;) and-alu-

minum cliloride- (AICL)?=4 in diethy! cthet to produce”

Mg ' V1H5); wheréas the third method involved the reac-

stioh » _1AIH; with MgBry in diethyl ether.2? - The Mg-

(AIL%,): produced-was reported.to be soluble in diethy!
ether and. to decompose at 140°; however few experi-
menta’ details concerning the preparations were given,
Hertwig® reporte:d the- preparation of Mg(AIH,}, by
hydrogenolysis of .a Grignard reagent in-diethyl! ether
followed by the addition of aluminum chloride to the re-
action product. Recactions 4-6 were suggested to de-
scribe the course of the reactioi. However again few
4RMgX + AlX5 + 4Hy —> '
KMgAlH, +-3MgX + 4RH @)

3RMg‘{ + AIX; 4 3H; — AlH; 4 3MgX, 4-3RH -v

AXMgAIH— Mg(AlH,): + MgX, 16)

experiniental” details ‘were given. Hertwig's® rcbort
seemed reasomible since carlier we had'shown® that hy-
drogenolysis of Grignard scagents prodiccesa mixture of

(1) To whim M inqsiries should b - ml ut th2 Department of Chemistry,
Georgia Tastitute of Technology, Atlanty,” Ge.” 0332,
(2) E. Wiberg and R. Bawer; Z. N-lw/aud %, 357 (13:30).
@ 1, Wibers. Angew. Chem., “. 16 (19335,
(1) B, Wiberg a3d R, Baucr, Z. Neiwrforsck,, Tb, 131 (3952).
%) A. Hertwix, Gersan Patent 921,586 (1955).
(&) W. K, Becker and B, C-Ashby, J, Org. Ciem,, 89, 954 (1061).

MygH. and magnesium halide. Therefore, the MgH;
produced by hydrogenolysis of the Grignard compound
in the reaction reported by Hertwig could have reacted
with AICL to form Mg(AIH). in a similar way to that
previously reported by Wiberg. The suggested XMg-
AlH; could .then have arisen from the redistribution of
Mg(AlH,): and MgCl.

Some time ago. we had the occasion-to prepare Mg-
(AIH,),.by the reactiun of NaAlH, and MgCh in di-
methy! etlier” and ‘notived - that the physical ptopcrties
of this compound were different-from thé properties re-

-ported by W:berg for M;,(AIH.), “The Mg(AIHY):
prepared by us was insoluble in dietliyl cther and de-

composed at 180°.
In 1965 Czech workers% vcnﬁcd the prc;ura(mn of

Mg(AlE)y by the reaction of NaAlH, and MpCh. Al

‘though- e!_cmentalsanalysm data were presented; 1o in-
frared.or X-ray powder diffraction data were given.
It wouid: appear that there.is some confusion in the

_literature concerning the prcparation and properties-of
Mg (AlH)s.

Since the reaction of a complex metalhy-
dride xith MgX: in ether solvent to produce Mg-
(MH.): is such a fundamental reactioin, we dended to
study thisreaction in detml

Expenmental Section

All operations were carried.out. cither in a nitrogen-filled glove ’

box equipped with.a recirculating systemt to renove oxyxen and
water? or o the bench using typical Schienk-tube technigucs.
All glassw arz was flash flamed and flushed with mtrogcu prior to
use.

Iumantgtg~yg.~lnf:§rm spectra Were ob(auged using a8
Perkim-Elmer V. kie? 621 high-resolution infrared spéctrophotom-

(7) Ethyt Corp.,. jritisis Patent 905,945 71962).

(8} J. Plesek and 76 Hermasck, Sollirtion Cwch. Chem, Commun,, 31, 3000
(19966).

{9} T. L. Brown, . W. Dickahoof, 1). ‘A, Balus, and G. L. ‘vml.
Rev. Sti. Ingtr., 33,491 (1080),

—
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TAsLy |
‘ N-RaAy 'owpkr PATTERNS (MAIN Lings)
Compd d, A /1 Compd d, A 111
Mp(AIH - 4THE 8,70 s IMgAIH, (CiH,).0 11.0 8
T vy 4.38 )
. b8 m 3.2¢ ' iy
5.50 m 2.83 ms
4.13 vs
- 3.82 m BeMgAlH - (Cil])0 11.8 8
3.22 m 10.4 m
8.9 m
BrMgAl - 4THE 11.7 N 4.6 m
09.71 m
8.04 s Mg (AIH ), 2(CiHo 1O 10.6 "
7.11 # 7.9 m-
.19 m 5.0 ®
4,386 vs 5.0 . w
3.80 m 5.1 w
4,08 w
CIMgAllL4THEP 11.5 m 3.86 w
0.4 m 3.05 w, b
8.0 m 3.60 m
7.0 m 3.25 w
0.156 mn 2.00 w
5.09 m 2.00 vw
5.24 m 2.80 vw
- 4.75 m 2.7 . w
4.1 s 4.40 w
2.18 w

cter.  Sodium chloride cells were used.  Spectra of solids were
obtained in Nujol which had been dried over sodium wire and
stored in 4 drybox, No change was observed in the spectra of
cither solutions or mulls after standing in the cell for some time,
It is therefore concluded that no intcraction of the products
studied with the cell windows takes place.

X-Ray powder diffraction patterns were run using a Debye~
Scherrer camera of 114.6-mm diameter using Cu Ka (1.840 &)
radiation with a nickel filter, Single-walled capillaries of 0.5-mm
diameter were used, These were filled in the drybox and sealed
with a microburner.

Reagents.—Tectrahydrofuran and benzene (Fisher Certified
reagent) were distilled over sodium aluminum hydride im-
mediately before use. Diethyl ether (Fisher Certified reagent)
was distilled over lithium aluminum hydride immediately prior
to use,

Mercuric halides (Baker Analyzed) were dried under vacuum
and used without further purification, Triply sublimed mag-
nesium was obtained from Dow Chemical Co. It was washed
with dicthyl ether and dried under vacuum prior to use.

Lithium and sodium aluminum hydrides were obtained from
Ventron Metal Hydrides Division,. Diethyl ether and tetra-
hydrofuran solutions of these complex metal hydrides were
prepared by adding dry, freshly distilied solvent to an appro-
priate amount of the solid complex metal hydride, The resulting
solution was then filtered through a coarse glass fritted filter
funnel to which had been added dried Celite filter aid. The
resulting clear solutions were standardized by BIYI'A titration
of aluminum,

Preparation of Magnesium Halides- in Diethyl Ether and
Tetrahydrofuran"'—In a typical preparation of magnesium

halides in ether solvents, 2 g of magnesium was added to 20 g

of the appropriate mercuric halide in a 50)-ml round-bottom
flask with a magnetic stirring bar. Two hundred and fifty milli-
liters of diethyl ether was then distilled into the flask containing
the mixture. The solution was stirred overnight and filtered.
The solutions were then standardized by magnesium analysis

(10) B, K, Lewls, Disseriation Absir., 20, 2644 (1060),
{(11) K. C. Ashhy and R, C, Arnott, J, Organometal, Chem. (Amwuterdam),
14, 1 (1008).
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(EDTA) and halogen analysis (Volhard method), ‘The magie-
sium to halogen ratio was 1,0: 2,00 == 0,08 in all cases, A qualita-
tive test for residual mercury in the solutions was negative using
ferrocyanide and 2,2'-dipyridyl. The solutions were also tested
for solvent impurities by hydrolyzing a sample of the solution
with distilled water in benzene. The organic matter was then
salted out of the water layer into the benzene, The benzene
layer was then subjected to analysis by glpc, Only diethyl
cther was found to be present in the original solution of MgXs.

A different method for the preparation of magnesium chloride
in diethyl ether had to be used. This was necessary'since MgCl,
is insoluble in diethy! ether and it would have been difficult to
scparate the MgCly from the Hg by-product in the previous
method, Anhydrous hydrogen chloride in diethyl c¢ther was
added to a diethyl ether solution of ethylmaygnesium chloride at
room temperature in 1:1 molur ratio, The precipitate which
was formed was washed with diethy! ether and dried under

‘vacuum, Anal. Caled for MgCly« (CiH WO: Mg, 14.36; CI,

41.89. Found: Mg, 14.30; Cl, 41.20.

Analytical Procedures.—Halogen analysis wus carried out by
the Volhard method. Aluminum analysis was carried out by
titration with EDTA. Magnesium analysis was carried out by

_ titration with EDTA. Magnesium analysis in the presence of

aluminum was carried out by masking the aluminum with
triethanolamine, . Lithium analysis was carried out by flame

_photometry. Hydridic hydrogen analysis was carried out by

hydrolyzing a weighed sample of the compound and méasuring
the volume of gas evolved after passing it through a Dry lce-
acetone trap to remove ether. The amount of ether solvated to
a compound was assumed by difference.

General Procedures for Infrared Studies,~—A mcasurcd amount

of magnesium halide in.solution was added to a.threc-néck;

500-ml, round-bottom . flask ‘equipped with a three-way ‘stop-
cock, an addijtion funnel, and a Dry lce condenser, The solution
of ‘alkali meta! aluminum hydride was added in a stepwise
fashion in order to establish MAIH,: MgX, mole ratios of 0.5:

1.0, 1.0:1.0,'1.5:1.0, 2.0:1.0, and 3.0:1.0. After each addition
the solution was stirred for 15 min and any precipitate formed was
allowed to settle, * A 'sample of the supernatant liquid was taken
with a syringe through the threc-way stopcock (under strong
nitrogen flush) and thé infrared cell filled in the drybox. All
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powder-pattern- of -this solid-showed it to be NaCl.

Vol. U, No. 2, Fcbruury 1970

‘Tavrr 11
IneARED DATA (SOLUTION SPECTRA, cM™t)
Mg(AlHQe-4THE  BrMgAIHATHF LiAIH-(GH:LO
1730 m 1725 s 1740 s
800 w 795 m- 755 m
750 m 760 m
CIM;:MH.-»%‘!‘HI-‘ BrMyAH - (C:H U LidIH-THE
17155 805 16915
795 m 760 m 760 m
760 m N
NaAlH-THF
. 1680)'s
712 m

reactions were carricd out such that the resulting concentration of
the reaction mixture was between 0,1 and 0,2.3.

Géneral:Procedure-for the Isolation of Intermediates.~—Thc )

alkali metal aluminuin hydnde wis added” to -the magnesium
halide in a ratio of 1.0: 1.0, Any solid formed-at this ratio was
filtered and analyzed, and its infrared spectrum and X-ray
powder pattern were obtained. The resulting solutions were
dhen fractionally -crystallized, the separate :fractions were
analyzed; and their infrared spectra and X-ray powder patterns
were obtained. ’

A. Reactions of NaAlH, and MgX; in Tetrahydrofuran. (1)
Reaction of Sodium'Aluminum Hydride and Magnesium_ Chlo-
ride in Teinhydrofmn.—-whcn NaAlH, was added to MgCIv
in THF in a mole ratio of 0.5:1.0, a- precipitate was formed.
The m!rared spectrum of the solation at this point showed bands
at 1715, 795, and 760-cm-i At a .\nAlHa:M;Clg ratie of
1.0: 10 the bauds at 1713 and 795 cm ™t increased in intensity and
niore precipitate was formed.  Elemcntal avalysis and an X-riy
At.a Nz-
AlH:MgCl, ratio of 1.5:1.0 the intensity of the infrared -bands
noted above decreased-and more precipitate was formed. At
a 2,0: 1.0 ravio, ro infrared bands appeared in the Al-H stretching
and deformation regions and more precipitate was fonmed. At
2 3.:1.0 ratio-bands appearsd at 1880 and 772 cm~! ciar-
acteristic of NaMlH; in tetrahydrfuran. No more precipitate
was formed. The solid was filtered and gave an X-ray powder
pattern cousisting.of Enes-for NaCi and-some other substaace.
This solid was therr subjectéd to Soahlet exfraction with tetra-
Tydrofuras. A white solid«w:gs-obtaiﬂcd from thiz extraction
which gave lines in the.powder pattzrit. which were tic same as
the lines in the previous pattemn with the-NaCt iines <shtractef
(sce Table 1), The infrared spectrum ofsthis so%d-. towirrsab.
wptm bands at 1725, 1025, 820, 875, 783, and FH0 ¢™f,
A 770 gield-of MglAlIL L -4THF waeobtained. Anal. Calked
Sor MglAIL)Y-4THF: Mg, 6.49; Al J441; H, 213. Foups:
Mg, 7.006; AL I4.90; H; 224, -5

In a scparate experiment. Nadll, was aitdedd to .\IgCl, He
tetrahydrofuran in 2 nivke rativ of 1.0:1.0). A precipitate formed
which was ¢Yered.  The resulting-fitrate was thensubjecied.fo
crystalfi zatisn by sodvent removal. ‘me:nhucdspn ~rumiclkis
solid in Nuiol gave bands at 1730, 1070, 1030, 92C, 30, and T45
en~h For thic major lines in the Xeray puwd, -paltci _ sce
Table I. Anal. Caiad for CIMgAIH4THEF: G, 9.56 Ay,
GA4L: Al 7.2 W, 1.05. Found: CI, 9.58: My, 6.77; Af,
7.22: H,1.13.

(2) ‘Sediven Aleminum Hydride aud Magaesiua Bromide in
Teirakydrofurar.—The cosrrse-of the reatiwa of Na. 'H, and
MgBr; in tetraliydrofuran was followed-by mfrared analysis.
The results weresimnizar to thase reported for the prevaous sysizm.

In a separate expesiment, the solution containing the resction
prodwct of NaAit, and MgBrz in a mole-ratio of 1.9:1.0 was
treated iz thesame v.-y;ﬂhecs)!gulf' solution. 'I‘hemfnrtd
spectrum of the olid 3 Nejoi gave :wseml.«m 1715,
00, 1S, 9]5 875, 735, aed 745 em™%, The \-ray powdd‘
pattemissho’ “in Tabik l. Axal- ~aled for BrMEAH,; -4 THF:
Br, k388; M(. a.74: AL 637; H 094, Found: By, -2.49;
Mg, £.30; :\l 6391; H, 0445,
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TasLe III -

Ingkarsw DATA (MULL SexctaaA; cu~*)
Mg(AlH)-4THE  Mg{AIH)-2THF Mg(AlHL):
17255 1785 s 1856 s
1025 3 1730 s 1830 %
820 w -
875 m
785 s
T4) s : ) ]
Mg(AIH,)-2(C:H 50 CIMgAIH-4THF  CIMgAIH-ZTHF
1800 s 1730 s 1778 s
1285 w 1070.w - T 1030 m
1190 w 1030 m - 880m
1150 1 920 w - 810 m-
1090 830 m 745m
995 w 1850 s
895 w 830
7405 : ] 1830 5
BrMgAIH4THF  BrMyAlH-(GH L0  IMgAlH,-(CH:)0
17155 183G s 1800 s
1070w~ 1200 w 1285w
1030 m 1260 w 1190 w
o915 w 1190 w 110w
8§5m 1150 w 1090 m
795 s 1090 m 1050 m
" 745s 1040 m 00 m
1000 w . 890 w.
800 w 810s
750 s
20s

(3} Sodiem Aluminum Hydride and l(mea.n]odido in
Tetrahydrofuran.—At 0.5:1.0. addition of-a solution of NsAlH,
in tetraliydrofuran 10 solid Mgl, in tetrahydrofuran, the isfrared
snalysis of - the filtrate showed an absorption band at 1730 cm™S.
At a 1.0:1.0 ratin, a shoulder-appeared on ihe Jow:frequency
side cf_the absorption band noted above. The intensity of the
band at 173) cm ™! was not incrensed. The X-ray powder pattua
of the solid after the 123 addition showed 1t to bea nixtére of
Mglg -6THFand Mxl:\lll.); £THF. l'mheradditinrol hm\lH.
increased the inteasity of the shoubder until a2 a ratio OMO l 0
the antire band -centered -at 1680 em=l. A yieid of 58
Mg(AIH):-4THF voas obtained. The.suviid at 10:1.0;addi¢im
was analyzed, sAnel. Caled for Mg(AIH,)-4THF: Mg, 6.48;
Al, 1441; B, 2.13; I, 6.0. Found: Mg, 7.06; Al, 14.93;
H, 2.24; 1, 0.0. Infrared-and X-ray powdcr pattern- deta are
given in Tables 1-111.

B. im&él of LIAIH, and MgX,. h*'bmm, (1)
Lﬂﬁnﬁ’mﬂy&rﬂgn& lmm-‘rm-
hydroferty.—&t v 0.5:1.0 ratio » LAIH, in tetrahydrofuran
10 MzClsiu tatrahydrofuran, infrared analysis of the clear filtrate
sherred ah-c:,)hou bands 2t 1:15, 795, and WEcmrl. Ata
1.0:1,0 ratic these bands increased in‘intensity and broadesed

somewhat— At 1.5:17 rutio the bands mcressed it Mmtensity,

and a shoulder ¥ppeared at the low-Ireguercy side of the 1715-
cm-thand., Ata2:0:1.0rath these bands increased ia intensity,
and at 2 3.0-1.0 ratio, what wss the she iider in.the_previous
addition became the man band asd was centered around 1601
ant. The band at THO em™! broadened und i3 intensily in-

cresced 162 grester extent than the 795cm~V band. (LiAlH,.

m tetrahydrofuran has infrared absorption bands at 1691 and
783amL} Nopricipitate was observed even 22 3.0:1.9 sddition.

-In 3 separste saperiment, LiAlll, was added to-MgCl
trzhydrofuran-m ]:1 mtio. The sclvewt: wa: theu removed
under vacuum and the wmirared spectran.and Xenay powder
pattern of the reaulting solidiwere obtahod. The solid was
sy fo be a mistuse of LiCi and CIMgAlH,-4THE.

i2) Lishiwn Alemiser Bydride and Mag" 7un Bromide is
Tetrahydrefuran.~Soniler resulis were ooliinel as m the

3
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" sprevious srstem No precipitate wus obsched even at I,,IA"’(
to MgBiy ratics as high as 5.0-1.0.

(3) Lithium. Ahminm—ﬂydnde and Magnesiur: lodide ia
Tetuhydmf-ml ~When LiAlH, in tetrahydro{uran was added
to Mgls-in tetraliydrofaran, no-alsorption-bands appeared in
thz infrared spectfum-of the solution which were differeat from
those of-pure solveut until-a Lu\IH. Mgl ratio of greater than
2 0 1.0-.was :'w..cd At this point absorption”bands at. 1691

and 760-cm™* appeared indicative of LiAlH, in solution. The
_precipitation of solidimaterialkin this resetion was obscured by
the fact:that the Mgl; reactant is insoluble in THF. The X-ray
, powdcr diffraction pattern of the solid product showed.the com-
pound tv be M;(AIH.}- 4THE, A yncld of 86% for Mg(AlH,)-
-lTH!-‘ was obfiined,
‘C. Resctions of NaAlH, and MgX; in Dnethyl Ether.

Sodium Aluminumn Hydride and Magnesium Bromide in D:etllyl'

Ether. —Magnesium bromide in diéthyl ether was added to
E\u\lH« in.diethyl ether in a ratio of 1.0;2.0. The solutjon was
stirred for 4 days.- At the end of this time 350 bands in the Al-H
streiching and deformation regionc were found in- the infrared
spectrum of-the solution. An-X-ray powder pattern of the solid
‘siowed lines due to NaBr and some other compound which was
mHgB:, or Na.AlH. The infrar.d spectrum of the solid had
) band& 2:-1800, 1285, 1190 1150, 1090, 1045, 995, 895, and 740
" em™', Tke white solid was_subjected to Soxhlet extraction.
The infrared spectnm.of the.resulting solid in Nuiol:exhibited
sbsorption baads at 1800, 1285, 1190, 1150,. 1090, 1045, 995,
805, and 740 cm~%. The X-ray powder diffraction pattern is
given in Table I. The total yield of Mg(AlH ) "ICglﬁ).O was
0%. Anal, Call for Mg(AlH,3-2C:H,0: Mg, 10.37; Al
23.03; H,3.41. Found: Mg, 9.43; Al, 23.98; H, 3.5C.

D. mdmmlgl’.nmﬂtﬂxﬁ& ()
Lithium Atuminam Hydride and Magnesism Chioride in Diethyl
Rther.—Lithium ahuminum hydnde in diethy! ether-was added

_to MgCh in diethyl etherin amoleratio of 2.0:1:6. The salution
weas stirred for 2 days. Thesohdobumedwasaudyud Anal.
Found: C:,.50.43; Mg, 2.96; Al, 7.27. The X-ray powder
pcttansbowedonlyw The infrared spectram of the solid
_Save no Jefinite-baiids in- the Al-H stretching region. After
'Wm(someofthcsdvenl from ¢he filtrate a solid was ob-
uuedudnnyud Anzg!l. Found: CI 18.17; Hg, 12.f
Al, 24.62; Ly, 3.15. The X-ray pov-dercpattern gave lines for

- LiCland some other compeunds. The infrarced spectrum of the

muvemuxw. 178C, llk) 1150, l(t."@, 1040, 995, and

900 cm 1.

WhuL(A!H‘wasaddcd to MgCly in d:cthy! ether i 2 mole
ratio of 1.0: 10, tbeprmtateobumd was analyzed. Axal.
Fownd: Ci, 43.91; Mg, 7.25; Al 11.66; Li, 8.17. The X-riy
powdcmum-shuxedhnaformudano:hermpmnd
‘whick-did-not corrtspind .to the compound in the 2:1 ctase.
The solid cbtained by removing thesolmt from:the Slitrate was
analyzed. Awel. Fouud: Ci, 22.42; Mg, 12.99; Al, 10.84;
Li, 1.27. The X-ray powder pattern gave lines<for LiCl. In
addition tc the lines for LiCl, other linex were observed which

- mdadtothemdsolrdmtbe"luse Tbclulmnd

spectrum of this solid gave bands st 1800, 1260, 1195, 1150,
1005 104E, 1600, and 900 cm™t. Tbesohuonspcctno(‘the

2:Land 1:1 case both gave absorption bands at 1780 cm~F-and
sbaudsso- tha Jow-frequency side.

{2) l&t—u—h-nnydnkudxwmeh
wm. —At 3 0.5: 1.0 ratio of LIAIH, to MgBs: ia diethyi
~ether, mmulmmmm-'wm the
nfrudmd’the’ohum At x 1.0:1.0 ratic a skoulder
o- tbew{rmysdedtsel'mm"hndw At

£:1.0 ratip, the Dands increased $a Inteasity and the.band &2
’ﬁm"&madad Ara20: }.Omw,xhcbsndutl"wud
1740 ca1~* were of eqoal inteasity. At 2 3.0:1.0 ratio the bends
2t 1790 cm™? increased ja intensity.

_ X orecipitate was:iditially formed which xave an wdchnite
_ axilysis. Bm,:tcoe.audwiy? 2 of the total maxnesium.

In xseparate zxperiment, Kthium shawinum hydride & dietuyl

cliser was sdded 10 JgBes is dicthyl ether i a mole ratio of

AT

Inorganic Chemislry
Lo:1.0, Thesolvent was then removed mdnsohd was ebtained.
The X-ray powder mttcm showed I.lBr but not LiAlH, vr
MgBr;-(CiHshO. For the infrared spéctrum of the solid in
Nujol see Table I1l. Awal, Caicd for LiBr 4- BrMgalH;-
2(Colls%0: Li, 1.89; Br, 43.65; Mg, 6.64; Al, 7.37. Fouml:
Li, 1.87; Br, 40.74; Mg, 6. 4.), Al, 6.45.

(3) Lithium Aluminum Hydride and Magnesium lodide in
Diethyl Etlut ~~No infrared absorption bands othzr than diethyl
ether appured up to a LiAlH: MgI; ratio of 1. 0:1.0.. A-white
solid was obtained up 0, this ratio and analyzed: Anal, Caled
for IMgAUh (G h0: I 49.53; Mg, 940; Al, 10.53. Found:
1, 48.23; Mg, 9.52; Al, 10.62. Addition of more LiAlH, gave
infrared bands corresponding to LiAlH. A yield ‘of product was
«:2% For the X-ray powder diffraction. pattern.and infrared
spectrum. of the solid see-Tables kand 111

Reaction of Magnesium Aluminum Hydride and Magnesium
Chloride in Tetrahydrofuran —When equimolar amounts of
Mg(AIH.); and MgCh in THF were mixed, the resulting sokutiof
gave an inirased specirum corresponding to that of CIMgAIH,.
The removal of the solvent gave g solid whose fufrarcd spectruin
and X-ray powder pattern were identicsl with-those-of CiMg-
AlH,-4THF.

Rucdon of Lithium Bromide and Magnesium Aluminum
Hydrids i in Diathyl Ether.—\Vhen-equimolar amounts of LiBr
and Mg(AlH.). were mixed in diethyl ether, the resulting solution
exhibited infrared absorption bands at 1780, 1740 (both of
-equal intcasity), 793, and 762 cn~t.  See Figure 2.

“"Results andDiscussion

In the present study LiAlH, an:d NaAlH, were al-
Jowed to react with MgCh, MgBr;, and Mgl in diethyl
ether and tetrahydrofumn Itis :mportant that this
reactiosi was -studied ‘in such detail since the-course of
the reaction is dependent on the nature of the alkali
metal, the halide, the solvent;.and the solubility of the
alkaki metal hahdeb} product. The discussion will be
diviged roughly into two parts {eq 7), namely, those
combinations of reactanis that produce Mg(AIH,). as
the reaction product-and those combinations of react-
ants that either stop at the XMgAlH. stage o producc
an equilibsiura mixture of products.

MAI,

MAIH, + MgX; —> MX -+ XMealll —>

MX + Mg(Alllp (7)

When N AlH, was alloued to- react with MgCl in
tetrahydrofuran in.a-mole ratio of 1.0:1.0, a white-pre-
cipitate appearéd which was shown by -elemental and
X-ray powder pattern analyses to be NaCL: ‘The-in-
frared spectrum of the rmbon solution showed bands
at 715, 795, and 760 e L. None of these bands cor-

sesponrds to NaAlH. but' w2y are characteristic of the

AL-H stretching and-deformation regions. When this
solution was siibjccted to fractional crystailization, suc-
cessive fractions gave clemeatal analyses correspostding
1 the empirical formula CIMgAIH - s THF. TheX-ray
powder pattern of this solid shows no lines due to Mg-
Ch-2THF, Mg(AlH):-4THF, NaAlH, or NaCL
Furthermore, the infrarcd spectrum of this solid shows
bands at 1730, 1070, 1036, 920, SSC, ana 745 om™
which are siot characteristic of cither MgCh or Mg-
(AIH)).-4THF. Also no bands characteristic pf Mg-H
wereobserved. It would appear then that the product -
produced in this reaction is CIMgAIH-4THF and not
a physical mixture of MgCly and My(AlWL), or 3zCl,
MgH,, and AlH,.

wn;
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As one adds more NaAlH; to the MgCl in tetrahy-
drofuran unti! the mole ratio is 2.0:1.0, more precipitate
is fornied and the infrared spectrum of the solution
shows no bands in the Al-H.or Mg-H stretching and
deformation regions. The infrared spectrum of this
solid in Nujol shows bands at 1725, 1025, 920, 8§75, 785,
and 740.cm~. The X-ray pewder pattern oi-the.solid
showed NaCl in admixture with some other compound.
The clemental-analysis of the solidiwas consistent with

a1 mixture of NaCl and Mg(AH,).- -4THF. Soxhlet
extraction of. this solid with tetsahydrofuran yielded
crystals which produced an analysis ronsistent with
Mg(AlH,);-4THF, The infrared spectrum of the
solid-extracted. priiduct was the same as the original
product mixttuzand the X-ray peswder pattern showed
all the liries of the mixture after subifacting out the
lines due to NaCl: The infrared and powder pat-
tern data of the extracted solild-were not consistent-with
the description of the product as a physical-mixture of
MgH, and AlH,. Thus it appears clear that the reac-

tioit of NaAlH, and MgCl; in tetrahydrofuran proceeds

stepwise to produce first the soluble CIMgAlH, and
then the insoluble \Ig(AIH‘ :,

NaAlHq 4 MgCl. —-> CIMgAlt + NaCl )

THF
CIMgAlIH, -+ NaAlHg—> Mg(Al); -F NaCl )

When MgCl, in teteahydrofuran was added o Mg-
(AIH,),-4THF, the insoluble Mg(AIH,): dissolved.
The resultant solution produced an infrared spectrum
identical with that exhibited by UMgAlH, Frac-
tional crystaflization of the séiution yielded solid frac-
tions whose Xoray powdeér natterns and infrared anal-
yses were consistent with those of CIMzAIH-4THF
prepared from NaAlH, and MgCl in 1:1-stoichiometry

THP
MgCls 4 Mp(AlH ) — 2CIMzgALL (10)

Since the reaction of NaAt i with MgClyin tetrahydro-
furan iz a stepwise reaction to produce CIMgAlH, and
thien Mg(ATH )2, any Mg(AlH ), formed in the initial
stages of ;the reaction would rapidly redistyibute with
MgClL toform CIMgAIH,. The Mg{AlH s formed in
these reactions was insoiuble in tetrahydrofuran, diethyl
cther, and the comm:on-nonpreic organic solvents con-
trary o the carlicr repo:ts by W ibeeg 24 -

When NaAlH;: was allowed to react wiiit MgBr: in
THEF, resuits similaz to the-reactions with MgCl. were
observed; i.c., at a 1:1 ratio BrMgAIH; was Jormed and
at a-2:1 ratto Mg(AIH ). vas formed. Since ~cdium
bromide is also insoluble in tetrahydrofuran, Mg-
{AlH)s produced in this reaction coatains 2 molar cqaiv
of NaBr. )

Magnesium aluminmu hydride could be prepared
essentially balogen free by allowing NaAlH, and Mgl
to react-in tetrakvdrofuran at a mole ratio of 13:1.0.
Sines the Nal by-product is soluble in THF, Mg(AlH,),
precipitates from solcting halogen free.  Attempts to
prepare IMgAiH, in THF were unsuccessful owing to
the disproportionation of this smpound to Mgl-aml
Mg(AlHL}; in tetrahydrofuran. Sinee bowh Mgl, and
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Mg(AlH,); are insoluble in THF, clemental analysis in- -

dicates an -empirica! formule IMgAlH;. However in-
frared and powder diffraccion znalyses show thatcthis
solid is a physical mixture of Mgl, -and Mg(AIHi).
(eq 11). This disproportionation was demonstrated

THR
NaAlH, + Mgl —3 Nal +_[IMgAIH}—>
0.56Mgl} -+ 0.5Mg(AlH)%§ (11)

further by adding IMgAIH - (C:Hs):0 to te&a}nydgo-
furan (eq 12). The reaction was very exothermic and

2IMEAIH, + (GH3HO —3 Mgls-6THE} +
Mg(AIHL-4THR } + (GHsHO (12)

the resultant solid produced an infrared’ spectrum and
X-ray powder patfern consistent with those of a mix-
ture of Mgl-6THF and Mg(AlE;),-4THF.

A second reaction which produces Mg(AIH.); essen-
tially halogen free is that between. LiA1H; and Mgl in
tetrahydrofuran at-a mole ratic-of 3:1 or 4:1. ‘Here
again the disproportionation of IMgAlH, to Mgly-and
Mg(AiH,)s prevents the isolation. of IMgAlH‘ in THF.
The solubility-of the LiI by-product enables thc Mg-
(AlH,), to be obtained halogen free

THR
2LIAIH, 4+ Mgl —3» Mg{AlH,); -+ 2Lil (13)

When NaAlIH, was allowed to:react with MgBrs. in
diethyl ether at a mole ratio of 2.0:1.0, a white prccipi-
tate formed. This solid was shown by X-ray powder
diffraction and infrared- data to bé-a mixture of NaBr
and Mg(AlH)); (cq 14). Thus it xs possible to prepare

CiH)O
ONaAIH, + MgBr: — o ME(AIHY. + 2NaBr (141

Mg(AIH,): in both tetrahydrofuran:and diethyl ether
using the specific combination of-reageats described.
The reactions deseribed until-now have been reason-

ably straightforward. Wken the alkali metal alumi-

num hydnides were added to the MgXzin 1:1 stoichiom-
etry, XMgAlH, was formed. Upon.addition of more
MAIH,, the XMgAlIH; reacted further to form Mg-
{AIH,):. In most of these cases.the insojubility of thé
alkali metal kalide by-product or of the Mgl se2mis to
play an important role.  If now we concentrate on tha
reactions where the alkali metal halide by-product is
soluble, we see that the reaction procseds in 2 somewhat
different fashron.

When LiAlH; was allowed to react with MgCh in
tctrahydrofuran:in a 1.0:1.0 ratio, the reaction filtrate
cxhibited infrarad ab<orplwn bands mpondmw to

CIMgAtH, as w1s cbserved in the reaction of MgCl -

with NadlH; n tetrahydrofuran. No precipitate
formed in the reactien sinoe LiCisds soluble in tetrahy-
drofuran. When the 1.0: 1.0 ratie of reactants wasex-
ceeded, the bands duc io C!Mg:\ll{; did ot dectease in
intensily as in the previous cases. Instead as more
LiAlH; was added, “yands dus to ths CiAIH, inerzzsedin
intepsivy.  Thus, instead ol MgTIH:): befng produced,

«r equilibrium resulted asshowi i, eq 15.

Al + Ll -.__.Ci}!;‘d‘!pf-hd 5
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llg,urc R Rcacuuu of LialH, and MgBry in diethy) cther.  Ratio of LiAH: MgBs: (1) {(.-H: , 123 0.5:19, (3} £D:19, 3}
R 1.5: 10 (.;)"0 10, (6730 1.0.

In-order {o determine if u\fg'\lu, vias the-actual
intermediate being formed; LiAiH; was added to MzCl.
in tetrahydrofuran sn-a 1:1 ratio. The solution was
then fractionally crystallized and the resulting solids
were subjecled to X-ray. iffrared, and cemental anal-
yses. All of the analyses showed -that CIMgAlH,-
4THF idnd LiCl were the major products present.

Similar results were obtained when LiAlH and MgBr:
were zlbowed te react in tetrahydrofuran-(eq16). The
products of this feaction are BrMgAlH;-4THF and
LiBr. Here uo solid was formed in the-reaction even

wher the LiAlH - MgBs: ratio was 5.0: 1.0, once again

indicatiug the Izolcof foruztion of Mg{AlH ). (insoluble

in tetrahydrofuran). Lithiumy bromide is soluble in-

tetrahydrofuran.

THF
Listi, 4 MzBr: === BrMrAllL + Libr £iGs

The.reaction of LiATH and MgBr: in Sicthyl e.l:er.
previously reperted by Wiberz to form MplalH ). akso
showed this équilibrium behavior. The equikbrium in
diethyi ether may not lie as far to tha right asin tetra-

‘hydrefuran:fesp 16) since the LiAIH, appears in the so-

lutior: spectrum soonier than in trahydrofuran. A
small amount of wmitial srecipitate was fornted: howe-

cver it was found to contain ks than 27 of the tolal

znagnesium in the reaction. " No additional pﬁcipita‘ie

was formed even at an LiAlHi MgBr. ratio of 3:1.
The-equilibrium nature of the.reaction of LiAlH; and
MgBr--in diethyl ether was-verified by the infrased ex-
amination of the reaction solution as the LiAlH, vas
added-to the MgBr.. Figure 1 shows that even atan
LiAlH:MgBr; ratio of 0.5:1.0, unreacted LiAIH i<
preseat iti-the reaction mixture. The AI-H stretching
band (1740 em™Y) and the Al-H daformation band
(735 cm—%) characteristic of LiAlH, in diethy] ether
increases as the LtAim:}s!?Br: ralio tneesnsts. - At the

LiAIH;:MgBr; ratio of 2:1 it i3 clear tha? the specaum

Tepaesciits-a mixture of BxMgAlH, and LiAlH, in:ap-
proximately equimolar quantities rather than Sigiil-
Hi): reported by Wiberg (compare the \;redn.m for
Mg{ATH),-: lCJf;,»O in Fr—fu'c 2}.

Ir: order te tesi the equilibrium hypathesis an other

solution. of LiBr was added to MgiAiH, L ov.ausxi:by .

the reaction of NailH,.aad AMgBr: in diethyl etier.
Tik resulung solution (eg 177 produced absocption

a0
I3Br 4+ }fg*.’ﬁﬂ;.&-———) B?—J&‘.Hh Z IS fa1vs

bards of cqual fatensity at 1781 and 19§t em . JLi-
Ang in diethyl cther-has an absorpticn band al 174
17" and Br)MgAIH; bas au abtesiption band at 155

o
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Figure & — MzfAIH%-Z:CH MO ix Nujt; €53 3 'AHG, - 52% "“&’om + BeMgAH,. 3. Z-.&:E.i: rw

om i diethyl ether) The infrazed spectrom tFigwe
2j was- consistent with that expected for 2-mixtere of
Li3lH, and BrMgAlH. The spectrum was ala ides-

m.v*xthtbcslm\ixtmdibc"& .ﬂsdés!xss
pmcuct of LIAIH: t; MgBrleg 151

M A ) .
ZLiAiHe  MzBr: == BoMzitlH, LiSr -+ L2312, 08

n diethyl ether the meaction of LisH; with Mgi-feq
1% mfonnd to proceed in 2 siler fashica (o the reac-
tcnof LiAIH:and XMzBr:  Atastoichwemetrroi 1:1.2
white solid wassbtained:whick »as shown by infrared,
X-ray powder diffraction and demental asalyses to be
IMgAIN - CGH:L0. Forther adfition of LAY, &8
not produce Mzi ATHps

Yy )
Listi 4 Ml ~———> IMzLE5 E3D B

The results of the reaction of TIAIH, 2ad MpCl ia
diethyl ether are somewhat cosfusing.  There is o5i-
dence that both CiMgMH, and Mgi SIHLY: are forned
Both the 1:1 and 2:1 feactioh mixtizes sppoer (o oo
tain CIMzAIH,.  In the 2:1 case therz is ev’iemce abio
that e Mz AlH isformed.

Infr. red studics in the soid state of t5e compossds
prepared indicate that ikesSegrecod covakeat hondins bee
twees Whe m2gnesium and the tetrabrdsdeiomizate
croup is opendent upon the degreeof sufvatinn,  This
is especially troeia the case of the wtnakydndoan si-
vates Both MgidlH: asd CIMgAH, are chizingd
from tetrabivdrofwran sefetion as the =Iniitatrae
Bydroluraseies). The four lefohydroforas sivate
molecules nrobably exist iz a tednshedeal ares
alost the megnciom 2tz TS -would norease Oe
size of the calicn theredy stabifinmy tbr mdfck
The sohd-statc infrared spectez of My AHS-THF
and CiMgAlH,-THF beth exEPt sogie sfam bends

23-Stem? Balowiii a2t 1735 asd T oY respec
tively. Stuce the Besds are nof spBt, the foxr 2
drogess on the ATH, grocp st hw:xhs‘;
bedzing. This weald be comsistant wiik 2= woeic
Ta the otber Eand, wikes (v of the tetrserdolons
the Srfrared spectruss of the meulting sokd shbows that
the AFH stretcions band has moved 2o 2 Jegher fre-
guency asd it =15 two bands at 1i%Sand I ien ™
This indicates tial the comspoaed has beoomee o
onalent asd that there are profadly Sodgzer -kyfro-
oess as indicated by the oo Dends. N RGAATLL S
comphtdy-desolvates. the A1-H stratcing freqgaesey
shifts @5 an even uigher fregealy asd e e
with basdsat IN55and IS cm—? )
Whea O gAY-STHF is dissolied i bessese 3a8 re-
aystalred, the whid cbtained onctains telp tvo THF
solvate molecuies.  The sfrared specineen of thicwdid
shows thas the AT-H mwhssﬁkéﬁxx
Righer frequency.  However, the basd #s 3of 5552, al-
theorh 3t & sommexint bread 353 I of ered 32 3500
ce=2 Upws conglelzdasclvatne Ge %E'ng&éig
Yand ageen shelt: to 2 Erher freguencr o215 e
ssEsmistwobeods: N ISEom
The data indcale that =pen Sescfraticoa MT7AML,
a=d ORI MH. abidsd o cooskst deosir
throagk beidpisg kydrmpee,  Lithiem s Ry
Snde ir the B stale, wieh = cocsdaeld i:tc%-
valest, hssmaaésxzthsﬁé-séﬂ::ézds;&
temat i Taed R3S e ™
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divided into two classes. The first class includes those
feactions which produce an insoluble alkali metal
‘halide by-product. These-reacticns preduce at a 121
MAIH,. 4+ MgX, stoicliiometry awvisclatable XMgAlH,
compound and upon addition of:more MAI¥, produce
Mg(AIH): in good yield. An exception to-this is the
Mgl; case in THF. Here the “IMgAIH," dispropor-

tionates to Mgl, and Mg(AIH,), :mniediately so that

“IMgAIH," cannot be isolated from tetrahydrofurdr.
solution. The second class includes those reactions
where the alkali metal by-product-is.soluble. Here an

L me — ——— ey —

_ o ] - &
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cquilibrium is produced accordingto
MAIH, + MgX; == XMgAltl( + MX (20)

Maénesium-aldminum hydride is not fornied even when
MAIH, is added in excess.
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